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PREFACE 


This assessment of the health effects associated with 
passive smoking has been prepared! by the Human Health Assessment 
Group, Office of Health and Environmental Assessment, Office of 
Research and Development, which is responsible for its scientific 
accuracy and conclusions. The assessment was prepared at the 
request of the Indoor Air Division, Office of Indoor Air and : 
Atmospheric Programs, Office of Air and Radiation, which defined 
its scope and provided funding. 

The document has been developed! under the authority of Title 
IV of Superfund (The Radon Gas and Indoor Air Quality Research 
Act of 1986) to provide information and guidance on the potential 
hazards of indoor air pollutants. 

A comprehensive search' of the scientific literature for this 
document is complete through September 1989. In addition, a few 
studies published since September of 1989 have been included in' 
response to recommendations made by reviewers. 

Due to both resource and time constraints, the scope of this 
review has been limited to an analysis of respiratory effects, 
with emphasis on the epidemiologic data. Further, because two 
thorough reviews on passive smoking were completed in 1986 (by 
the U.S. Surgeon General and the National Research Council), this 
document provides a summary of those reports with a more 
comprehensive analysis of the literature appearing subsequent to 
those reports and an integration of all the results. 

With respect to quantitation of lung cancer risk, the 
document has used the actual epidemiologic data and vital 
statistics to estimate the number of nonsmokers affected. It 
does not use high- to low-dose extrapolation models since 
exposures in the epidemiology studies were at true environmental 
levels. However, measures of exposure-response and modeling are 
examined in two appendices. One appendix analyzes the two main, 
currently-used proxies for environmental tobacco smoke (ETS) 
exposure, respirable suspended particulates and body cotinine 
levels. The other appendix examines methodologies and models 
treating ETS as a complex mixture of carcinogens with both 
initiating and promoting properties. It also outlines several 
possible approaches for exposure-response assessment. 

Two other issues that have not been addressed in this draft 
but which have drawn comments from reviewers of earlier drafts 
are (:1) the possible synergistic lung cancer effect of ETS and 
radon, and (2) the relative lung cancer hazards and risks of home 
and the workplace. These issues will be more fully covered in a 
revised version of this document. 

It is the Agency's intent to revise and update this document 
following: the public comment period and review by the Agency's 
Science Advisory Board. 
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examined in two appendices. One appendix analyzes the two main, currently-used proxies for 
environmental tobacco smoke (ETS) exposure, respirable suspended particulates and body 
cotinine levels. The other appendix examines methodologies and' models treating ETS as a 
complex mixture of carcinogens with both initiating and promoting properties. It also outlines 
several possible approaches for exposure-response assessment. 

Two other issues that have not beem addressed in this draft' but which have drawni 
comments from reviewers of earlier drafts are (1) the possible synergistic lung cancer effect of 
ETS and radon, and (2) the relative lung cancer hazards and risks of home and the workplace. 
These issues will be more fully covered in a revised version of this document. 

It is the Agency’s intent to revise and update this document following the public 
comment period and review by the Agency’s Science Advisory Board. 
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1. EXECUTIVE SUMMARY 


In 1986, the National Research Council (NRC). and the U.S. Surgeon General (U.S, SG); 
assessed the health effects of exposure to environmental tobacco smoke (ETS). Both of the 
1986 reports conclude that ETS exposure is causally associated with lung cancer and that 
children! of parents who smoke have increased frequency of respiratory symptoms and acute 
respirator} 7 illnesses and evidence of reduced lung function. The two reports were developed 
and edited by different processes, which strengthens the validity of the conclusions common to 
both reports. The NRC report is the product of a committee of experts; the UlS. SG report is a 
composite of contributions from individual experts that were edited, based on the review of 
other knowledgeable individuals, and then clbaredi through the U.S. Public Health Service. 

This document extends the analyses of those reports to include subsequent epidemiologic 
evidence on the potential association between ETS and (1) king cancer in nonsmoking adults, 
and (2) respiratory disease and pulmonary effects in children. It concludes that passive 
smoking is causally associated with lung cancer in adults and that exposure of young children, to 
ETS fromi parental smoking, particularly during infancy, is associated with increased prevalence 
of acute lbwer-respiratory-tract infections (bronchitis and pneumonia), respiratory symptoms of 
irritation'(cough, sputum, wheeze), and middle ear effusions (a sign' of chronic middle ear 
disease). Passive smoking in early childhood is also associated with'reduced lung function in 
children of mothers who smoke and with a small reduction in the child’s rate of pulmonary 
growth and development. Nb conclusions are drawn regarding a potential association of 
parental 1 smoking wdth the child’s increased acute upper-respiratory-tract illnesses (colds and 
sore throats); an increased prevalence of asthma, or exacerbation of symptoms in asthmatic 
childrens. 
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This, report also estimates that approximately 3800 lung cancer deaths per year among 
nonsmokers: (;never>smokers and former smokers)'of both-sexes are attribulablb to ETS im the 
United States. This figure is an extension 1 of the estimate of 1750! (95% C.I. 910, 2660) for 
female never-smokers alone,, an overall value calculated! from all the epidemiologic studies on 
lung cancer and ETS. The 1750 value and its confidence interval includes reasonable estimates 
of exposure and risk for single female never-smokers. Projection of the 1750 1 estimate to 3800 1 
for all nonsmokers of both sexes is based 1 on reasonable estimates,of exposure and risk for all 
never-smoking men and for former smokers of both sexes, No further quantitative estimates of 
ETS-rehitedi health effects in adults or children are made. 

111. ETS AND LUNG CANCER 

The U.S. SG (1989) estimates that smoking is responsible for more than one of every six 
deaths in the United States and that it accounted for 87% of the lung cancer deaths in males 
and 75% in females in 1985; Smokers, however, are not the only ones exposed to. tobacco 
smoke. The sidestream smoke (SS) emitted from a smoldering cigarette between puffs (the 
main component of ETS) has been documented to contain many of the same carcinogenic 
compounds (known and suspected human and animal carcinogens) that have been identified 1 in 
the mainstream smoke (MS) inhaled by smokers. Exposure concentrations of these carcinogens 
to passive smokers are variable but much lower than for active smokers. An excess cancer risk 
fromi passive smoking, however, is still biologically plausible. (U.S. EPA guidelines [Fed. Reg.,, 
1986] assume that unless there is evidence to the contrary, any level of exposure to a carcinogen 
carries ai potential risk of cancer.) 

Based on the firmly established causal relationship of lung cancer with active smoking, the 
lung is considered to be the site most likely affected by passive smokings The ubiquity of ETS 
and its absorption by members of the general population have been well documented by air 
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sampling and by bioassays for nicotine and cotinine. This raises the question of whether any 
direct evidence exists for the relationship between ETS exposure and lung cancer in the general 
population and what its implications may be for public healtht This document addresses that 
question by reviewing and analyzing the cumulative evidence from epidemiologic studies, These 
studies compare individuals with higher ETS exposures to those with lower exposures. Typically 
the study subjects are married women who have never smoked but are married! to a smoker 
(higher exposure) and those married to a nonsmoker (lower exposure). Follbwing the 
nomenclature of the literature, the higher and lower exposed persons are referred' 1 to as 
"exposed" and "imexposed:" Of course there is exposure to ETS from sources other than spousal' 
smoking, collectively designated as "background" exposure, which applies to the so-called 
unexposed as well as the exposed; Background exposure is taken into account in characterization 
of population risk (Chapter 4), but it is not required for the statistical assessment of the 
evidence of excess lung cancer risk from spousal smoking (Chapter 3). 

The epidbmiologic evidence of a lung cancer hazard is statistically assessed by methods of 
meta-analysis to obtain overall results. The data and study results included apply to female 
married never-smokers. Several studies include male subjects, but the percentage of male never* 
smokers is relatively small and the data are scant by comparison In some instances former 
smokers are included with never-smokers. All the ETS exposures are considered to be at true 
environmental levels. 

Based on these analyses and following the U.S. EPA guidelines for carcinogen risk 
assessment (Fed, Reg., 1986), EPA concludes that environmental tobacco smoke is a Group A 
(known human) carcinogen. This conclusion is based on a total weight of evidence, principally: 

• Biological plausibility. ETS is taken up by the lungs and distributed throughout .the 
body. The similarity of carcinogens identified in SS and MS along with the established 
causal relationship between ILing cancer and smoking make it reasonable to suspect-that 
ETS is also a Ring carcinogen. * .... E, _ i _. 
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• Consistency of response. The two completed cohort studies and sixteen of the 21 case- 
control studies observed a higher risk of lung cancer among the female never-smokers 
classified as exposed! to ETS. Evaluation of the total study evidence from several 
perspectives leadfc to the conclusion that the observed association between ETS 
exposure and increased lung cancer occurrence is not attributable to chance. 

• Upward trend in dose-response. Of the two major cohort studies, the Japanese study 
(Hirayama); demonstrates a strong association between passive smoking and lung 
cancer, including an upward trend in dose-response. The upward trend is well 
supported by the preponderance of evidence in the 13 case-control studies that 
classified data by exposure levels The Hirayama study has undergone extensive critical 
review, that led to some corrections and revisions but failed to discredit the findings. 
Differences in life-style and culture may be a factor in the Japanese study reporting a 
stronger association between ETS and lung cancer than the American! study (American' 
Cancer Society). 

• Detectable association at environmental exposure levels. Within the population of 
women who are lifelong nonsmokers, the excess lung cancer risk of those married to a 
smoker is large enough to be observed. Carcinogenic responses are usually detectable 
only in high exposure circumstances, such as occupational settings or in highly dosed 
experimental animals. 

• Broad-based evidence. The 21 case-controliand three prospective studies provide data 
from eight different countries and from a wide variety of study designs and protocols 
conducted by many different research teams. No alternative explanatory variables for 
the observed association between ETS and lung cancer have been indicated that would 
be broadty applicable across studies. 

• Effects remain after adjustment for potential bias. Current and ex-smokers may be 
misreported as never-smokers, thus inflating the apparent cancer risk from ETS 
exposure. The evidence remains statistically conclusive, however, after adjustments for 
smoker misclassification. The summary estimate of relative risk from raw data of both 
the case-control and cohort studies is 1.41 (95% Cl. 1.26, 1.57) before adjustment for 
misclassification and 1.28 (95% C.l. 1.12; 1.45) afterward (p' < 0.01). 

The individual risk of lung cancer from exposure to ETS does not have to be very large to 
translate into a significant health hazard to the U.S. population because of the large number of 
smokers and the ubiquity of ETS. Current smokers comprise approximately 30% of the adult 
U.S. population and consume over one-half trillion cigarettes annually (1.5 packs per day, on 
average), causing nearly universal 1 exposure to ETS. Cotinine, a metabolite of the tobacco- 
specific compound nicotine, is detectable im the blood, saliva^ and urine of persons recently 
exposed to tobacco smoke. Cotinine has typically been detected in 50% to 75%> of reported 
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nonsmokers tested (;50% equates to 62 million U.S. nonsmokers of age 18 or above). The 
estimate of 3800 lung cancer deaths per year in nonsmokers attributable to ETS is based on 
data from epidemiologic studies at actual environmental exposure levels. Some mathematical 
modeling is required to adjust for expected!bias from self-reported misclhssification of smoking 
status and to account for ETS exposure from sources other than spousal smoking. The approach, 
however, does not rely on a mathematical model of dose-response or low dose extrapolation of 
observations obtained at extraordinarily high exposure levels. 

The components of the 3800 figure include approximately 1750 female never-smokers, 800 
male never-smokers, and 1250 former smokers. The 800 value for males is probably low based 
on information in the limited epidemiologic data for male never-smokers. Little is known about 
the lung cancer risk of ETS to former smokers. The estimate of 1250 former smokers is based 
on the assumption that the risk to former smokers is the same as the risk to never-smokers, 
which may be conservative from a biological perspective. If the estimate of 3800 total lung 
cancer dbaths per year is recalculated using the lower (upper) confidence limit from study data 
on female never-smokers and the lower (upper) plausible value regarding population'exposure 
to ETS, then a value of 1800 (6100) is obtained. It is unlikely that the number of lung cancer 
deaths per year attributable to passive smoking by nonsmokers is below 1800 or above 6100. 

Other quantitative approaches to characterize population risk could have been'used. Dose- 
response assessments based on the cigarette-equivalents approach to relate the risk of passive 
smoking to active smoking are reviewed Published variations of this general approach have 
typically used either cotinine concentrations or respirable suspended particulates as a surrogate 
measure of exposure to ETS. They typically ignore the epidemiologic data on ETS and lung 
cancer and follow the paradigm of low-dose extrapolation from a dose-response curve (a dose- 
response curve for the lung cancer risk of active smokers in this case). Examples of the 
cigarette-equivalents approach provide additional estimates of lung cancer risk that, with the 
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exception of one low value, range from a few hundred to over 4000 lung cancer deaths per year. 
.Although this report prefers the more direct approach based on epidemiologic data to 
characterize the lung cancer risk, there are also potential benefits from a dose-response 
assessment. For example, a dose-response model would 1 be useful for evaluating the 
effectiveness of abatement procedures and the risk from varied environmental conditions. 
Methods based on the cigarette-equivalents approach could benefit from improved 
understanding of the biokinetic similarities and differences between passive and active smoking 
that may affect extrapolation of risk from active smoking to risk of passive smoking. A 
mathematical model relevant to that objective is developed as a basis for future study 
(Appendix C)i Three additional quantitative methods for dose-response assessment of passive 
smoking, along the lines of the general cigarette-equivalents approach; are outlined! with 
solicitation for comments and advice (Appendix D). 


1.2 ETS AND RESPIRATORY DISORDERS IN CHILDREN 


Exposure to ETS from parental smoking has been previously linked with increased 
respiratory disorders in children; particularly infants. Several studies have confirmed the 
exposure and uptake of ETS in children by assaying saliva, serum, or urine for eotinine. A 
recent study of 433 healthy neonates in central North Carolina found that 64% of them lived in 
households with a smoker and that 75% of smoking mothers smoked near their infants, 

Cotinine concentrations were correlated with smoking (especially by the mother) in the infant’s 
presence. Nine to twelve million American children under five years of age may be exposed to 
cigarette smoke in the home (American Academy of Pediatrics, 1986). 

With regard to the respiratory effects of passive smoking in children, this report focuses 
oni the epidemiologic evidence appearing since the two major reports of 1986 (NRC and 1 U:S. 

SG) that bears on the potential 1 association of parental smoking with detrimental health effects 
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in their children. These include symptoms of respiratory irritation (cough, sputum, or wheeze); 
acute diseases of the lower respiratory tract (pneumonia and bronchitis); indications of chronic 
middle ear infections (predominantly middle ear effusions); reduced lung function (from forced 
expiratory, volume and flow-rate measurements); prevalence of asthma; exacerbation ofi 
symptoms in asthmatics; and acute upper-respiratoryTract infections (colds and sore throats). 

The thirty or so recently published studies essentially corroborate the previous conclusions of 
the NRC and U.S. SG regarding respiratory symptoms, respiratory lilhesses, and pulmonary 
function; strengthen support for those conclusions by the additional weight of evidence; and 
extend research in some directions. I ! n particular, recent studies on middle ear effusion 
strengthens previous evidence to warrant the conclusion in this report of an association with 
parental smoking' Additional research also supports the hypothesis that early respiratory illness 
is associated with long-term pulmonary effects (reduced lung function and possibly increased risk 
of chronic obstructive lung disease). 

The NRC and U.S. SG reports conclude that both the prevalence of respiratory symptoms 
and the incidence of respiratory infections are higher in the children of smoking parents. 
Estimates of the increased risk of wheezing vary from zero to over sixfold! In the seven studies 
of respiratory symptoms subsequent to the two reports, increased cough was observed in a range 
of ages from birth to mid-teens. Recent studies also supplement the evidence for increased! 
wheeze. Overall, the cumulative evidence supports the previous conclusion of the NRC and U.S. 
SG. Six of the studies subsequent to those reports have addressed the topic of parental smoking 
and respiratory illness in children, and all have reported statistically significant results. The 
cumulative evidence indicates strongly that parental, especially the mother’s, smoking is 
associated with increased incidence of respiratory illnesses in the first one-to-two years of life, 
particularly for bronchitis and pneumonia. Recent studies also solidify the evidence of a link 
between parental smoking andi increased middle ear disease in young children. 
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The U.S..SG and NRC reports both conclude that children of parents who smoke have 
small decreases in tests of pulmonary output function of both the larger and! smaller air passages 
wheni compared with the children of nonsmokers. This conclusion is statistically supported, but' 
the topic itself is difficult to study and to evaluate quantitatively because of the relatively large 
inter-individual variability in temporal patterns of lung growth and development. Family history 
may be an important factor as well. As noted in the NRC report, if ETS exposure is the cause 
of the observed decrease in lung function, the effect could be due to the direct action of agents 
in ETS or an indirect consequence of increased occurrence of acute respiratory illness related to 
ETS. 

Study results on ETS and lung function in children that have appeared since those reports 
add some additional evidence supporting an association of ETS exposure with decreased lung 
function. Furthermore, this evidence adds support to the supposition that acute respiratory 
illness during childhood has a long-term effect on lung growth and development (suggesting an 
indirect association with ETS exposure, by virtue of its association with increased pneumonia 
and. bronchitis in infants). Overall, the weight of evidence indicates that ETS exposure is 
associated with decreased lung function in childhood and with a small reduction in their rate of 
pulmonary growth and development. 

This report concludes that the detrimental respiratory effects described in children are 
associated with exposure to ETS, but a causal association has not been established. Causation is 
biologically plausible, but other factors that cannot be fully assessed may be influencing the 
observed study data. One confounding variable, for example, is direct transmission of 
respiratory infections from smoking parents, who tend to have more infections than nonsmokers. 
Also, parental recall and the increased incidence of respiratory symptoms in. smoking parents 
may be contributing an upward bias to the response attributable to ETS exposure. Studies have 
generally not controlled for in utero exposure to agents in tobacco smoke (Chen et all, 1988, is a 
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notable exception). Some studies that include children above the age of seven may also be 
upwardly biased by subjects 1 unreported experimentation with cigarette smoking. 

It is improbable, however, that sources of bias or confounding factors account for the 
totality of study findings on increased! occurrence of detrimental respiratory effects in children of 
parents who smoke. The overall evidence of a health risk is based on numerous: investigations; 
thati vary broadly in design and location, source of data, objective, protocol, and methods of 
analysis. Most studies have controlled for bias and potential confounding factors to the extent 
possible. The upward dose-response trends exhibited in several studies suggest that an 
alternative explanatory factor would have to be highly correlated with the level of ETS exposure, 
e.g., the number of cigarettes smoked per day by the mother. In view of these considerations, 
the substantial epidemiologic evidence, the serious health consequences of some of the observed 
effects, and the large number of children potentially at risk, it is prudent and reasonable to treat 
passive smoking as a risk factor for acute respiratory diseases and chronic obstructive pulmonary 
disorders in infants and young children. 
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2. INTRODUCTION 


Over 300,000 deaths per year from all causes of disease in the United States are 
attributable to cigarette smoking. Some 100.000 of these smoking-related deaths are fromi Iking 
cancer, which is almost 90% of lung cancer cases fromi all causes (figures for 1985, U.S. SG, 
1989 )l Forty-three known or suspected carcinogens have been identified in tobacco smoke, most 
of which are in both mainstream smoke (MS, produced during "puffs") and sidestream smoke 
(SS, from the cigarette tip between puffs). The relative distribution of carcinogens and other 
toxins differs between SS and MS,, however, often with much larger total amounts (by weight) in 
the SS from a cigarette. More of the cigarette tobacco is burned ini the generation of SS than 
MS, on average, but a more significant factor is the less complete combustion of tobacco at the 
lower temperatures producing SS. Environmental tobacco smoke (ETS) to which a passive 
smoker is exposed principally consists of SS, usually in greatly diluted concentrations depending 
on the proximity to the source and related environmental conditions, e g., ventilation. Aging 
also affects the composition of chemicals in ETS and their relative distribution between the 
vapor and particulate phases. 

Passive and active smokers are exposed to many of the same carcinogens, however, and 
active smoking has been firmly established as causally related to lung cancer. It is biologically 
plausible that passive smoking is aEo causally related to lung cancer. Consequently, the 
epidemiologic studies available on lung cancer and ETS exposure are examined for detectable 
evidence of increased lung cancer risk from passive smoking. It should be noted that it is 
extremely unusual when considering a low dose exposure to an agent known to be carcinogenic 
at higher doses to have as complete or as extensive a set of measures of exposure to the 
population at environmental levels; it is almost unprecedented to have epidemiologic evidence in 
as many different populations as is present for: ETS. Nevertheless, statistical analysis of the 
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combined study results could! be inconclusive. Statistical significance is evidence that an effect is 
at a sufficiently high level to be detected with the data, available; lack of significance only 
supports the conclusion that it is below a level that the data have adequately high'power to 
dbtect with assurance. 


A first step is to gain some idea of the magnitude of exposure to ETS in the general population. 
Surrogate measures of ambient concentrations of ETS* such as respirable suspended particulates 
(RSP), have confirmed 1 passive smokers’ exposure in real and simulated environments. 

Concentrations of cotinine, a tobacco-specific metabolite of nicotine measurable in blood; saliva, 
and urine, confirm the uptake and! systemic distribution of nicotine from ETS in passive 
smokers. Positive cotinine concentrations in 50% to 75% of self-reported nonsmokers, including 
persons reporting no exposure to tobacco smoke in the detectable period (up to a few days, 
depending on the body fluid tested), demonstrate the ubiquity of ETS. Conservatively, over 100 
million US. adult nonsmokers are exposed to ETS at levels detectable in urinary, cotinine assays. 

The first epidemiologic results associating passive smoking with lung cancer appeared in 
the early 1980s: The epidemiolbgic studies amassed quickly, along with interest in the results 
and'controversy over issues and conclusions. At the request of two Federal Agencies, the UiS. 
Environmental Protection Agency (Office of Air and Radiation) and the Department of Health 
and Human Services (Office of Smoking and Health), the National Research Council (NRC)' 
formed'a committee on passive smoking to evaluate the methods for assessing exposure to ETS 
and to review the literature on the health consequences of exposure. The committee’s report 
(NRC, 1986) addresses the issue of lung cancer risk in considferable detail, including summary 


analyses of the evidence from ten case-control and three cohort (prospective) studies. It 
concludes that "Considering the evidence as a whole, exposure to ETS increases the incidence of 
lung cancer in nonsmokers." 
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The NRC committee was particularly concerned with potential bias in study results from 

current and'former smokers incorrectly self-reported as lifelong nonsmokers (never-smokers). 

Under plausible assumptions for misreported smoking habits, it concludes, that the true relative 

risk lies between 1.15 and 1.35, with 1.25 the most likely value When these relative risks are 

also corrected'for background exposure to ETS to make the risk relative to a baseline of zero 

ETS exposure, the resultant estimate is 1.42, with a "plausible" range of 1.24 to 1.61. (Technicall 

Note: "Relatwe risk," RR, is used somewhat generically throughout this report for technical ease 

and because the name is descriptive of the intended measure. For 2-by-2 contingency tables of 

raw data from classifying exposed/unexposed against cancer/non-cancer, as analyzed in the 

NRC report, the sample odds ratio is estimated in place of RR. These terms are discussed in 

standard texts of statistical methods for epidemiology. A good technicall discussion with 

examples may be found in Agresti, 1990, Section 2.2.) 

Two other major reports on passive smoking have appeared: the U.S. Surgeon General’s 

report on the health consequences of passive smoking (:U,S. SG, 1986), and the report on' 

methods of analysis and exposure measurement related to passive smoking by the International 

Agency for Research on Cancer (IARC, 1987). The U.S. SG’s report'concludes: 

The absence of a threshold for respiratory carcinogenesis in active smoking; the presence 
of the same carcinogens in mainstream and sidestream smoke, the demonstrated uptake of 
tobacco smoke constituents by involuntary smokers, and the demonstration of an increased! 
lung cancer risk in some populations with exposures to ETS leads to the conclusion that 
involuntary smoking is a cause of lung cancer. 

The IARC committee emphasized issues related to the physicochemical properties of ETS, 
the toxicological basis for lung cancer, and methods of assessing and monitoring exposure to 
ETS.. The report quotes the summary statement on passive smoking of a previous IARC 
working group'that found the epidemiologic evidence available at that time (1985)'Compatible 
with either the presence or absence of lung cancer risk. Based on other considerations related 
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tobiological plausibility, however, it concludes that passive smoking gives rise to some risk of 
cancer. Specifically, the report states: 

Knowledge of the nature of sidestream and! mainstream smoke,,of the materials absorbed! 
during "passive” smoking, and of the quantitative relationships between dose and effect 
that are commonly observed from exposure to carcinogens, however, leads to the 
conclusion that passive smoking gives rise to some risk of cancer. 

The summary analysis across epidemiologic studies conducted by the NRC is extended in 
this report to include nine additional case-control studies for which the raw data are available 
(for 19 from a total of 21 case-control studies). The committee’s approach to hazard 
identification is further complemented by other statistical analysis across studies (meta-analysis) 
of results adjusted for potential confounding variables. The two major cohort studies (from 
Japan and the U.S.): are reviewed and compared! Their results are combined with those from 
the case-control studies to give an overall estimate of relative risk (Chapter 3). The population 
risk is then characterized by estimation of the annual number of lung cancer deaths among 
nonsmokers attributable to passive smoking (Chapter 4). 

Results from dose-response risk assessments of lung cancer and ETS are examined in this 
report. The methods tend to be variations on the "cigarette-equivalents" approach, the basis of 
which is extrapolation of lung cancer risk for passive smoking from a dose-response curve of 
active smoking. Although this approach makes use of the dose-response information previously 
obtained for active smoking, the information contained in the epidemiologic studies is not fully 
utilized! The cigarette-equivalents approaches limited by incomplete knowledge regarding the 
biological basis for comparing the carcinogenic potential of passive and active smoking. A 
mathematical model harbeen developed to aid the study of the biokinetic similarities and 
differences between passive and active smoking. The model also serves to identify parameters 
where information is currently lacking. 
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The conclusions of this report do not require a dose-response risk assessment, but such a 
construct could be useful for evaluation of the effectiveness of abatement procedures and for 
confirmation of population risk estimates fromi another perspective. Three alternative 
approaches are described in this report (Appendix D), with solicitation of comments and advice. 
The three alternatives include: (1) a relative potency approach in which the dose-equivalent 
potency of ETS relative to a positive control' such as benzo[!a]pyrene (B[a]P)vis established from 
animal lung implant studies. That relationship is then included with the relative cancer potency 
of various polycyclic aromatic hydrocarbons (PAHs) and an existing inhalation dose-response 
model for B(a)P to establish a dose-response model'for ETS; (2) a mixture approach based on a 
modification of the method in (1) and the relative concentrations of the known lung carcinogens 
in ETS; and (3) a direct approach using epidemiologic cohort studies on ETS; 

Acute health effects in children from household exposure to ETS is a second health- 
related concern examined in this report (Chapter 5)* Epidemiologic evidence subsequent to the 
majpr NRC and U.S. SG reports of 1986 is summarized and compared with the conclusions of 
the two previous reports for respiratory symptoms, respiratory illness, and pulmonary function. 
Recent studies on related health concerns im children are a No reviewed! These studies 
investigate the effects of parental smoking on prevalence of asthma, chronic middle ear diseases, 
and upper-respiratory-tract infection, and on the severity of conditions in asthmatics. Potential 
confounding factors,and sources of bias that limit quantitative estimation of health hazards 
attributable to ETS are addressed. 
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3. EPIDEMIOLOGIC EVIDENCE OF LUNG CANCER 
FROM ENVIRONMENTAL TOBACCO SMOKE 


3.1. INTRODUCTION 

The 21 case-control studies currently available are listed in Table 3-1. The studies are 
denoted by the first few letters of the first author’s name for easy reference. The NRC report 
(1986) reviews and analyzes ten of the studies shown in Table 3-1: AKIB, BUFF, CHAN, 
CORR, GARF, KABA, KOO, LEE, PERS, and TRIG. The study designated as WU in the 
table is excluded because the raw dhta were not available. (Raw data consist of the number of 
exposed andi unexposed subjects among lung cancer cases and controls, where a subject is 
typically classified as exposed to ETS if married to a smoker.) The NRC also excludes an 
earlier version of the KOO study and the studies by Knoth et al. (1983), Miller (1984), and 
Sandler et al. (1985) for various reasons (NRC, 1986). Aside from WU, these studies are also 
omitted from this report. 

The U.S. SG’s report (1986) contains particularly good summary reviews of the studies 
available at that time. The studies are selectively described or compared in several sources as 
well (NRC, 1986; IARC, 1987; Balter et al., 1986; Blot and Fraumeni, 1986; Correa, 1986; 
Eriksen et al., 1988; Kuller et al., 1986; Repace and Lowrey, 1985; Ribolg 1987; Samet, 1988a,b; 
Saracci and Riboli, 1989; Weiss, 1986; Wells, 1988b; Uberla, 1987; and Varela, 1987); Appendix 
A contains summaries of the studies subsequent to the NRC report, two of which are 
unpublished dissertations (LAMW and VARE). The other studies described in Appendix A 
includte BROW, GAO; GENG, HL’MIS, INOU, LAMT, SHIM, SVEN; and WU. Tables 3-2, 3- 
3; and 3-4 display descriptive characteristics of all 21 case-control studies. 


3-li 


05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffblOOOO 


2023552272 



DRAFT-DO NOT QUOTE OR CITE 


TABLE 3-1. CASE-CONTROL STUDIES OF ETS: CHARACTERISTICS 


Study 

Location 

Matched 

variables 

Final 
sample 
matched 
for ETS 

Includes an 
adjusted 
statistical 

analysis 7 , 

— 

AKIB 
(Akiba et 
all, 1986). 

Japan 

(Hiroshima, 

Nagasaki)! 

Age, sex, 
residence, 

RERF part¬ 
icipant 

Yes 

i 

i 

No 

BROW 

1 (Bfownson et 

al., 1987) 

i 

USA 

(Colorado) 

Age, sex 

No 3 

Yes 

BUFF 
(Buffler et 
at., 1984). 

USA 

(Texas) 

Age, sex 

No 3 

Nb 

CHAN 
(Chan and 

Fung, 1982) 

Hong Kong 

Matched but 

variables 

unspecified 

No 3 

No 

CORR 3 
' (Correa et 
al, 1983) 

USA 

(Louisiana) 

Age (± 5), 
sex, race 

No 3 

No 

GAO 

(Gao et al., 

1987). 

China 

(Shanghai) 

Age (± 5 ) 

No 3 

Yes 

GARF 
(Garfinkel 
et al., 1985) 

USA 

Age (+ 5) 

Yes 

Yes ■ 

GENG 
(Geng et 
al., 1986): 

China 

(Tianjin) 

Age ( + 2), 
sex, race,, 
marital 

status 

No 3 

No 

HUMB 

i (Humble et 

1 al., 1987) 

USA 

(New Mexico) 

Age (+_ 10); 
sex,, ethnicity' 

Nb 3 

Yes 

i 


(continued on following page) 
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TABLE 3-1. (continued) 


1 Study 

Location 

Matched 

variables 

Final 
sample 
matched 
for ETS 

II 

lnchjdes an 
adjusted 
statistical 
analysis 7 

INOU 
(Ihoue andi 
Hirayama. 

1988) 

Japan 

(Kanagawa, 

Miura) 

Age, year of 
death (± 2.5), 
district 

No 2 

i 

! 

Yes 1; 

KABA 
(Rabat 
and Wynder, 
(1984)" 

USA 

(New York), 

Age (±5), 
sex, race, 
hospitall 

Yes 

No 

KOO 

(Koo et al., 

1987) 

Hong Kong 

Age ( ± 5); 

residence, 

housing 

No 3 

No 

LAMT 

1 (Lam et al., 

1987) 

Hong Kong 

Age (±5), 
residence 

No 2 

No 

LA MW 6 
(Lam, 1985) 

Hong Kong 

Age, socio¬ 
economic 
status, 
residence 5 

No? 

Yes 

LEE 

(Lee et al., 

1986) 

England 

Age, sex, 
hospital 
location, 
time of 
interview 

No 2 - 4 

Yes 

PERS 
(Pershagen 
et ali, 1987): 

Sweden 

Age (+_ 1), 
sex 

Yes 

Yes 

SHIM 
(Shimizu et 
al., 1988) 

Japan 

(Nagoya) 

Age (ill), 
hospital, ad¬ 
mission date 

Yes 

Yes: 


(continued on following page) 
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TABLE 3-1. (continued) 


Study 

i 

Location 

Matched 

variables 

Final 
sample 
matched 
for ETS 

Includes an. 
adjusted 
statistical 

analysis 7 1 

SVEN: 

(Svensson el 
! al„ 1988) 

Sweden 

(Stockholm): 

Age 

Nb 2 

Yes 

i 

TRIC 

(Trichopoulos 
et al.„ 1981) 

Greece 

(Athens) 

Age, soeio^ 

economic 

status 6 

No 2 

No 

i VARE 
(Varela, 

1987) 

USA 

(Nfew York): 

Age, sex, 
county, 
smoking 
history' 

Yes 

Yes- | 

vvu 

1 (Wu et ah, 

1985) 

USA 

(Los Angeles) 

Age (±5), 
sex, race 

No 2 

Yes 

! 


; Adenocarcinoma only. 

2 Not matched on smoking status (smoker/nonsmoker), 

3 Bronchoalveolar cancer excluded. 

4 Ongoing 1 study modified!for passive smoking with follow-up. 

5 "Similar" in age, SES, and residence. 
b "Similar” 1 in age and SES. 

7 Generally refers to (conditional) logistic regression and to 
stratification or standardization of variables in analysis. 

8 W.K. Lam is the author of LAMW and co-author of LAMT, a separate 
study. 
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TABLE 3-2. CASE-CONTROL STUDIES OF ETS: CHARACTERISTICS 


Study 

Percent 

proxy 

response 1 

Ca Co 

Female 2 

age 

Ca Co 

Source 

of 

controls 

Number 

femalfe 

controls 

-! 

Percent 

female 

control^ 

"exposed" 3 

AKJB 

90' 

88 

70.2 

35-95 * 

Atomic 

bomb 

270 

70 





survivors 



BROW 

1 

69 

39 

66.3 68.2 

Cancer 

cases 4 

47 

15 s ' 

1 

BUFF 

82 

76 

30-79 30-79 

Cancer 

cases 6 

196 

84 

CHAN 


* 

39-70 39-70 

Orthopaedic 

patients 

139 

47 

CORR 

* 

*: 

*. * 

Hospital 

patients 8 

133 

46 

GAO 

0 

* 

35-69 35-69 

General 

population 

375 

74! 

GARF 

* 

* 

>.40 >.40 

Cancer 

cases* 

402 

61 

GENG 

*: 

* 

^65 <.65 

* 

93' 

44 

HUM© 

* 

*: 

<85 ^85 

General 

population 

162 

56 

INOU 

100' 

100 

* * 

Cerebro¬ 

vascular 

disease 

(deaths) 

64 


KABA 

*: 

* 

61.6 53.9 

Patients 10 

25 

60' 

KOO' 

* 

*; 

* * 

"Healthy" 11 

136 

49 
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TABLE 3-2: (continued) 


Study 

Percent 

proxy 

response 

Ca 

1 

Co 

Female 2 

age 

Ca Co 

Source 

of 

controls 

Number 

female 

controls 

Percent 
female 
controls 
"exposed" 3 j 

LAMU 

♦ 

- 

* * 

"Healthy" 13 

335' 

45 

, LA MW 



67:5 66 

Hospitalized 

orthopedic 

patients 

144 

4.4 

LEE 

38 :> 

38 

35-74 35-74: 

Patients 14 

66 

68 

PERS 

* 15 

* 

♦=16' *: 

* 17 ' 

347 

43 

SHIM 

* 

* 

59 58. 

35-81 35-81 

Patients 18 

* 

* 

SVEN 

0 

0 

66.3 

General 

population 

174 

66 

TRIC 

* 

* 

62.8 62.3 

Hospitalized 

orthopedic 

patients 

190 

43 

VARE 

j 

33 10 

33*’ 

67. F 681 19 

New York 
State Dept, 
of Motor 
Vehicles 

to 

OO 

8 

* 

WU 

* 

* 

<76 <76 

Neighbor¬ 

hood 12 

52 

63 • 


* "Ca" and "Co” stand for "cases” and "controls”, respectively. 

2 Single values are the average or median. Paired values are the 
range. 

3 Definition: of "exposed" differs between studies. See Table 3-4 
and 3-5. 

4 Persons withi cancers of bone marrow or colon in Colorado Control 
Cancer Registry: 

5 "Exposed" to ETS 4 or more hours/day. 

n Population-based and decedent comparison subjects selected from 
state and federal records. 

* Assorted ailments.. 

g Colo-rectal cancer 
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10 Diseases not related to smoking. 

11 Selected from a healthy population. 

12 Living in neighborhood of matched case. 

13 Applies only to the 143 patients in the follow-up study. 

14 Excluding lung cancer, chronic bronchitis, ischemic heart 
disease, andi stroke. 

15 No overall percentages given. 

16 Two control groups: 15-65 and! 35*85 for both cases and controls 
in groups 1 and 2 respectively. 

17 Two control groups were randomly chosen from the cohort under 
study 

18 Patients in the same or adjacent! wards with other diseases. 

19 Includes males and females and long-term ex-smokers. 

20 Includes 69 ex-smokers. 

* Data not available. 
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TABLE 3-3. CASE-CONTROL STUDIES OF ETS: SOURCES 


Study 

Spousefs) 
i >i 

Adulthood 
Others 
at home 

Away from 
home 

Childhood 
exposure from 

mot her/father , 

AKIB 

X 




X 

BROW 

X 


X 

X 


BUFF 

l 



X 


j 

CHAN 1 






CORR 


X 



X 

GAO 

i 


X 

X 

X 

X 

GARF 


X 

X 

X 

X 

GENG 

X 


X 2 

X 


| HU MB 


X 




1 

INOU 

X 





KABA 

X 


X 

X 


, KOO 

X 


X 


i 

LAMT 

X 





LAM W 

X 


X 

X 


LEE 


X 


x v 


PERS 

X 




X 

SHIM 

X 


X 

X 

i 

| SVEN 

X 


X 

X 

X 

TR1C 


X 





(icontinued oni following page) 


3-8 


05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffblOOOO 


2023552279 








DRAFT-DO NOT QUOTE OR CITE 


TABLE 3-3, (continued): 



Spouse(s}i 

Adulthood 

Others 

Away from 

1 

Childhood 
exposure from 

Study 

i >i 

at home 

home 

mother/father 

VARE 

X 

X 

X 4 

i 

WU 

X 

X 

X 

X 


1 Not stated. See footnote 1 of Table 3-4. 

2 Exposure to mother’s or father’s smoking is presumed to mean in 
adulthoodi 

31 Separate for workplace, travel, leisure. 

4! Separate for workplace and! social circumstances: 
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TABLE 3-4L (continuecl) 


Study 

ETS exposure measures 

Other 

Related exposures 

c ‘g ; / 

day 

Total 

years 

Total 

cigs. 

Cooking/ 

healing 

Work/ 

environ^ 

j TRIG 

X 8 


X 




VARE 

X 

X 

X 

person-yns, 



WU 




X 9 

X 

X 


Exposed/unexposed'determined from a single question, "Are you 
exposed! to the tobacco smoke of others at home or at work? ,r (Lam 
T.H. et all, 1987; Chan and Fung, 1979). 

Cig./day smoked by husband at home. 

Smoker at home defined as j>5 cig./day. 

Others, include total hours of exposure and mean hrs./day: 

A woman was considered exposed to her husband’s smoke if they had 
lived together continuously for at least one year. 

Exposure designated as 0 (unexposed), 1,2,3:. 

Exposure is "yes" 1 or "no" for each source. 

Exposed within the last 5 years. 

Exposed if husband smoked. 
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These studies compare individuals with higher ETS exposures to those with lower exposures. 
All of them have made.observations on never-smoking married women. Those married 1 to: a smoker are 
assumed to be at higher exposures than those not married to a smoker. These two groups are referred 
to as "exposed" 1 and "unexposed", respectively, following the established terminology. Those terms refer 
to spousal smoking only, however, and ! obscure the presence of other sources ofi ETS, collectively 
referred to as "background" sources. Background exposure is taken into account in the next chapter 
under characterization of the population^ risk, where it becomes necessary to think of the unexposed 
classification as referring to exposure from background sources only and the exposed classification as 
including both background and spousal smoking. For the purpose of hazard identification in this 
chapter, background exposure does not explicitly enter into the discussion. The relative risk comparison 
of exposed to unexposed individuals, however,; is implicitly a comparison of "exposed to both 
background and spousal smoke" to "exposed to background only". 

Several differences in the case-control studies may be noted. The unit of measure of ETS 
exposure (e.g., cig./day or total years of exposure) varies between studies. A few studies include former 
smokers as nonsmokers if they have abstained from tobacco usage for some minimumi period, while 
others do not. Classification of a subject as ETS-exposed depends on the questions asked, which differ 
across studies. The proportion of controls classified as. exposed is shown by study in Figure 3-1. 
Exposure percentages cover a range from 43% to 84%, a two-fold difference, with the BROW study is 
an outlier at 15%. The referent populations are defined by a number of parameters, suchias whether 
the subjects were alive or dead and, if alive, whether or not they were hospitalized. Other general study 
characteristics that vary relate to study design, protocol, interpretation, and analysis of data, potential 
confounding factors included ini the matching and/or data analysis, and confirmation of primary lung 
cancers. Study differences do not invalidate statistically testing the hypothesis: that exposure to ETS is 
unrelated to lung cancer occurrence. (Technical Note; The Breslow-Day test for homogeneity of the 
oddk ratio is not significant, p = 0.48; [Breslow and Day ; 1980).) ETS studies have primarily 
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BROW, 

TRIC 

PERS 

GENG 

LAKW 

LAMT 

CORR 

CHAN 

K00 

HUMB 

KABA 

GARF 

WU 

SVEN 

LEE 

AKIB 

GAO 

BUFF 
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FIGURE 3-1. PERCENTAGE OF CONTROLS EXPOSED TO ETS BY STUDY 
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considered exposure to married never-smoking women, generally classified as exposed or unexposed to 
ETS based on their spouse’s smoking status. Consequently, analysis in this report primarily focuses on 
the data: ior females. Data on males: is sparse by comparison, and there may be sex-related exposure 
differences,to: ETS.(Cummings et al., 1986; Friedman et al/ 1983), 

The case-control studies are tested for an association between ETS exposure and lung cancer 


from three perspectives. 


1) i Raw data are available for 19 of the 21 studies in Table 3-5: Three statistical tests are 

applied to these data to test for an; association between ETS exposure and lung cancer 
occurrence. 

2) Eleven studies provide results of statistical analyses that adjust for covariables, e.g., age, 
duration of spousal smoking, etc. Statistical modeling, such as logistic regression^ or 
stratification on variables are two general approaches. The estimated relative risks and 
confidence intervals from these methods are used in two statistical tests of the combined 
evidence from the eleven studies. 

3) Fourteen case-control studies contain crude classifications of exposure to ETS suitable for 
evaluating whether there is am upward trend in lung cancer occurrence as ETS exposure 
increases. These "dose-response" dhta from the studies are plotted for comparison. 

This statistical 1 testing is in the next three sections (Sections 3.2-3.4). It is followed by a discussion of 

potential sources of bias in the case-control studies (Section 3.5). The two major cohort studies are 

then described and compared (Sections 3.6 and 3.7), followed by the summary and conclusions of this 

chapter. 


3.2. META-ANALYSIS OF CASE-CONTROL STUDIES FROM RAW DATA 

The statistical power to detect a small but meaningful increase in lung cancer risk from a 
single case-control study is often smal/ but it can be improved by analyzing the total evidence from all 
studies simultaneously (meta-analysis). The NRC (1986) followed the lead of a committee member 
(Wald, 1986) who estimated an overall relative risk across allstudies by the statistical method 1 ini Yusuf 
et al. (1985). Blbt and Fraumeni (1986) and Wells (11988b) achieved, the same objective using the 


3-14 


05 / 17 / 90 ' 


Source: https://www.industrydocuments.ucsf.edu/docs/ffblOOOO 


2023552285 



DRAFT-DO NOT QUOTE OR CITE 


TABLE 3-5. CASE-CONTROL STUDIES: ’'UNEXPOSED" VS. "EXPOSED’ 


FROM RAW DATA 


Study 

Exposure 

No. 

cases 

No. 

controls 

RR 1 

C.I. 1 

S' 

P's 

AKIB 








■ Fem^ie 

0 

21 

82 

152 

( 0 . 88 , 2 . 63 ) 

1.48 

0.07 

(cig./civ); 

_>1 

73: 

188 

1.5 

(1.0.2,5)-’ 



Male 

0 

16 

1011 





(cig./cay) 

M 

3 

19 

1.8 

(0.5,5.6) 



BROW 3 








Femaie 

unexposed 

15 

40 

152 

( 059 , 5 . 99 ): 

0.61 

057 


exposed 4 

A 

7 

1.5 




Male 

0-3 

0 

11 





(hrs./cay) 

>_4 

2 

8 

1.38 




BUFF 








Fem^e 

unexposed 

8 

32 

0.81 

( 054 , 1 . 90 ) 

- 0.49 

0.69 

(tot. 

exposed 16 

33 

164 

0.8 

(05,1.8) 



yrs.) 








i Malt 

unexposed 

6: 

34 





(tot. 

exposed 18 

5 

56 

0.5 

(0.2,1.7) 



yrs.) 







| 

CHAN 








! Female 

unexposed 

50 

73 

0.75 

( 0 . 43 , 150 ) 

- 1.02 

0.85 

1 

exposed 5 

34 

66 

0.8: 

(0.4,15) 



CORR 







i 

Femaie 6 

0 

8 

72 

2.07 

( 0 . 82555 ) 

1.52 

0.06 


>.1 

14 

61 

2.07 

(018.5.0) 



Malt 

O' 

6 

154 





(pack- 

_>! 

2 

26 

2.0 



1 

yrsO: 
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TABLE 3-5. (continued) 


Studv 

Exposure 

No. 

cases 

Noi 

controls 

RR 1 

C.I. 1 ' 

S' 

P's 

j GAO 







j 

Female 

0T9 

57 

99 

1.19 

( 0 . 82 , 1 . 73 ) 

0.91 

0.18 

(tot. 

yr.s.): 

>.20 

189 

276 





GARF 








Female 

0 

44 

157 

131 

( 0 . 87 , 1 . 98 ) 

129 

0.10 

(icig./dav). 

>r 

90' 

245 

1.31 

(0.99,1.73) 



j GENG 








Female 

0 

20 

52 

2.16 

( 1 . 08 , 429 ) 

2.19 

0.01 

(cig./day) 

>1 

34: 

41 

2:16 

(1.05,4.53): 



HUMB 8 







1 

1 

Female 

0 

5 

71 

234 

( 0 . 81 , 6 . 75) 2 

1.57 

0.06 

(cig./day). 

>] 

15 

91 

1.8 

(0.6,5.4) 



1NOU 9 








Female 

<4 

4: 

17 

235 

( 0 . 74 , 8 . 78 ) 

130 

0.07 

(cig./day) 

2.4 

18 

30 




i 

KABA 







j 

1 Femalfe 

unexposed 

11 

10 

0.79 

( 0252 - 45 ) 

- 0.41 

0.66 

i 

exposed 10 

13 

15 





1 

Male 

unexposed 

7 

7 






exposed 10 ' 

5 

5 

1.00 

(0.20,4.90) 



KOO 







j 

Female 

0 

35 

70 

135 

( 0 . 902 - 67 ) 

1.56 

0.06 

(cig./day) 

exposed" 

51 

66 

1.55 

(0.94,3.08) 
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TABLE 3-5: (continued) 


j Study 

Exposure 

NO : 

cases 

No. 

controls 

RR 1 

C.l. 1 

S 1 

P's 

LAMT 








Female 

0 

84 

183 

1.65 

( 1 . 16335 ) 

2.77 

0.003 

(cig./day) 

.>1 

115 

152 

1.65 

(1.16,2.35) 



LAMW 








Female 

unexposed 

23 

80 

2.01 

( 1 . 09 , 3 . 71 ) 

234 

0.01 


exposed 1 ' 

37 

64 

2.01 




LEE 








Female 

unexposed 12 

10 

21 

1.03 

( 0 . 41335 ) 

0.05 

0.48 ! 


exposed 13 

22 

45 

1.00 14 

(0.37,2.71) 14 



Male 

unexposed f 2 

7 

16 






exposed 12 

8 

14 

li.30: 

(0.38.4.42) 



PERS 








Female 

unexposed 15 

34 

197 

138 14 

( 0 . 763 . 15 ) 

0.91 

0.18 


exposed 16 

33 

150 

1 . 28 14 

(0.75,2.15) 



SVEN 

| 







j 

Female 

unexposed 

10 

60 

136 

( 0 . 573 . 82 ) 

037 

038 


exposed 16 

24 

114 





TRIG 








Female 

0 

24 

109 

2.13 

( 1 . 193 . 83 ) 

2.55 

0.005 

(cig./day) 

M 

38 

81 





WU 17 








Female 

unexposed 

9 

22 

1.41 

( 0 . 543 . 67 ) 

0.70 

034 


exposed 4 

19 

33. 

1.2 
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Footnotes for Table 3-5. 

11 Values of RR, C;I., S, and P s on the first row of an entry (boldface) are our calculations 
for Mantelt-Haenszel odds ratio. Values in the second row are from the study. S is the 
square root of the Mantel-Haenszel statistic with sign of (-) if R< 1 and (;+): if R> 1. P s 
is one-tailed significance value from normal tables, and equals one-half the corresponding, 
two-sided p-value for the M-H chi- squared statistic. Confidence intervals are 95% unless 
noted otherwise. 

2 90% C.I. 

1 Data communicated from R.C. Brownson. 

4 Exposed if husband smoked. 

5 Exposure based on single question, "Are you exposed to the tobacco smoke of others at 
home or at work?" (Lam et al., 1987; Chan et al., 1979). 

6 Data partially fromi Table 12-4, NRC (1986), 

I Cigar or pipe smoking by husband while at home is included in category, of _> 1 cig./day. 

8 Data communicated from C.G. Humble. Eight (total) cases were observed! ini males, so a: 
separate odds ratio for males alone was not reported in the study. 

9 Raw data were calculated from information given in the reference to INOU by A. Judsom 
Wells. 

10 Based on spouse’s current or past smoking habits. 

II Exposed if husband ever smoked in presence of spouse. 

12 Only the controls in the follow-up study. 

11 Exposed if husband ever smoked during marriage. 

14 Standardized for age. 

15 Data for controls from Saracci and Riboli (1989). 

19 No measure of exposure given. 

17 Raw data were calculated from information in Table 11 of the Surgeon General’s report 
(U.S. SG, 1986, p. 99) by A. Judson Wells. 

18 Any current household member who smokes regularly. 
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ManteFHaenszel (M-H) method; (Mantel and Haenszel,, 1959; Mantel, 1963), a standard 
approach for the combination of information from 2-by-2 contingency tables. (Wells included! 
adjusted analyses when available, using the raw data to calculate weights.) The two methods are 
basically equivalent. Ini this report, the M-H method is applied to the raw data for females in 
the case-contirol studies shown in Table 3-5. 

The M-H estimate of relative risk (odds ratio) and its associated confidence interval are 
shown in boldface type in Table 3-5 for females of each case-control study, where the raw data 
are available (SHIM and VARE are excluded): Each study’s own relative risk estimate and 
confidence interval are also displayed! when availhble. The M-H estimate of the overall RR for 
females is 1.42 (95% C.ll 1.24, 1.63) for 1)9 case-control studies. (All confidence intervals 
hereafter are 95% if not indicated otherwise.) The corresponding value in the NRC report for 
females of 10^case-control studies and 3 cohort studies is 1.32 (1.16, 1.5F). The NRC reports 
1.62 (0,99, 2.64) for males: Wells (1988b) obtained an overall relative risk estimate of 1.44 (1.26, 

1.66) for females from 14 case-control studies and three cohort studies. Wells" higher estimate 
may be due in part to his exclusion of the CHAN study, the first and probably Ibast 
sophisticated of the four Hong Kong studies (CHAN, LAMW, KOO, and LAMT)i It aEo 
produced the lowest relative risk estimate in Tablfe 3-5, namely 0.75 (0.43, 1.33 )l 

A statistic referred to as "S" is included in Table 3-5. (Technical Note: S is the 
square-root of the M-H chi-squared statistic with the sign " + " if the odds ratio exceeds 1 and! 
the sign "-"'if otherwise. Equivalently, it is the estimated log-odds ratio [ln(RR)] divided by its 
estimated standard error. The estimator S is approximately normally distributed with mean zero 
under the null hypothesis that the true relative risk equals one [Woolf, 1955].) The values of P s 
in Table 3-5 are the one-tailed significance lbvels of S for testing the null hypothesis that ETS 

fO 

exposure is unrelated to lung cancer occurrence. The rank ordered, values of S are displayed in O 
Figure 3-2. 5^ 

in 
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FIGURE 3-2. ORDERED VALUES OF THE S STATISTIC FROM RAW 
DATA OF STUDIES IN TABLE 3-5 
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Three statistical tests are conducted of the null hypothesis. The extended M-H 
chi-squared test statistic is significant at p < 0.001 based on the combined evidence from the 
raw data shown in Table 3-5. The Wilcoxon sigmranked test (EloIIander and Wolfe, 1973) 
applied to the values of S in Table 3-5 also is significant at p < 0.001. (Technical Note: The 
signed-rank test requires the test statistic for each study to be symmetrically distributed: about 
zero under the null hypothesis. Since S is approximately normally distributed with: mean zero, 
that assumption is appropriate here.) If the null hypothesis is true, then the four studies with p s 
< 0.05 are making a Type I error (false positive). The chance of that many Typed errors in 19 
independent studies is 0.013. The predominance of small values of p s , in general, is informative. 
Over half of the 19 p s values are 0.1 or less, an outcome that would occur with 1 probability less 
than 0i001 if the null hypothesis is true. All of the tests based on the raw data are statistically 
significant. 

3.3. META-ANALYSIS OF CASE-CONTROL STUDIES THAT INCLUDE 

AN ADJUSTED STATISTICAL ANALYSIS 

An adjusted analysis is generally preferable to an analysis of the raw data, even when the 
data are matched (Schlesselman, 1982). The two studies for which the raw data are unavailable 
do include results of an adjusted analysis (SHIM, VARE). Table 3-1 identifies the studies with 
results adjusted for other variables. Some authors have not included complete details, so the 
choice of studies for inclusion in this section: may be subjective. In eleven reports, the relative 
risk and confidence interval are given for two or more levels of exposure, e.g., 1 to 20, 21 to 40] 
or 41+ cig./day smoked by the spouse. The RR and confidence interval at a high exposure in 
these studies were generally selected for inclusion in Table 3-6, but with: some exceptions. For 
example, the highest exposure category in VARE is: so extreme (80+ cig./day) that it contains 
very little data. In this instance, the response for smoking 20 cig./day as.predicted from the 
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logistic regression model fitted to all the data is given in Table 3-6. The table entry for GARF 
is also from an adjusted! analysis for a spouse smoking 20 cig./day. Twostudies that provide a 
relative risk without an associated confidence interval! (LAMW and SHIM) are displayed in 
Table 3-6 for completeness, although they cannot be included in the summary analysis. 

The RR and confidence intervals in> Tablfe 3-6 are the study authors’ conclusions that 
depend on their methods of analysis. To combine the results across studies, the statistic S was 
calculated from the RR and confidence interval for each study,. (Technical Note: It is assumed 
that ln(RR) is approximately normally distributed. S equals ln(RR) divided by its estimated' 
standard error, as calculated from the confidence interval reported.) The valUes of S are 
displayed in Table 3-6 and plotted in Figure 3-3. Five of the studies had significant values of S 
(p: < 0.05); The probability of observing five or more Type I errors in 11 independent studies is 
less than 0.001. Thus, it is highly unlikely that so many significant test results would be observed 
if there were, in fact, no association between ETS exposure and lung cancer incidence. 

(Technical Note: No multiple comparison adjustment is necessary because the choice of a single 
exposure level is made without regard to statistical significance. Test: results reported at 
exposure levels other than the one used are not relevant and no adjustment for multiple 
comparisons is needed,) 

The Wilcoxon signed-rank test was also applied to the S statistics of Table 3-6, as 
conducted previously with the raw data, to provide another statistical test of the null hypothesis. 
The outcome is significant (p = 0.014). In this test the magnitude of the evidence from each 
study is a factor. Both statistical tests indicate that the cumulative evidence that lung cancer is 
related to ETS exposure would be very unlikely to occur by chance alone. 
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TABLE 3-6. CASE-CONTROL STUDIES: "UNEXPOSED" VS. "EXPOSED'* 
FEMALES FROM ADJUSTED STATISTICAL ANALYSES 


Study 

Exposure 

RR 

95% C.l. 

S 

Ps 

BROW 

<3 vs. >.4 (hrs./day) 

1.68; 

(0.39,2.97) 

1.78 

0.04 

GAO 

0-19 vs. _>40 (yrs. with 
smoking husband) 

117 

(1 0.2.9) 

1.95. 

0.03 | 

GARF 

0 vs. 20 (cig./day) 

1.70 

(0.98,2.94) 

1.90 

0.03 

HUMB 6 

0 vs. >.21 (cig./day) 

1.2 

(0.26, 5.5) 

0:23 

0.41 

INOU 7 

<.4 vs. J> 20(cig./day) 

3.09 

(1.04,11.81) 

1.65 

0.05 

j KOO 

0 vs. >. 21 (cig./day) 

1.19 

(0.46,3.03) 

0.36 

0.36 

LAMW 2 - 3 

Exposed by husband 

2.64 

* 

* 

* 

LEE 5 

Exposed by husband 

LOO 

(0.37,2.71) 

0.00 

0.50: ' 

PERS 1 

0 vs. >_ 16(cig./day) 

2.40 

(0.6,8.7) 

1.33 

0.09 

SHIM 2 

Exposed 1 by husband 

1.1 

* 

*: 


SVEN 

| 

Exposed in both child*- 
hood and adulthood vs. 
exposed in neither 

1.9 

(0.2,3.7) 

1.89 

0.03 

VARE 4 

0 vs. 20 (cig./day) 

0.94 

(0.76, 1.17) 

-0.54 

0.70 

WU 

Exposed by husband 

1.2 

(0.6,2.5) 

0.49 

0.31 


1 See footnotes 15-17 of Table 3-2. 

2 Higher RR values associated with adult exposure to smoking by mother or by 
father’s husband. Insufficient information to calculate the S statistic. 

3 No units of exposure. RR = 2.64 with p=0:02, and RR= 1.61 with p = 0.19, for 
peripheral and central lung adenocarcinoma^ respectively: 

4 From Table 4 of Varela, 1987. 

5 See footnotes 12-14 of Table 3-5. 

e Discussed in Humble et al. (1987) following Table 4, with 90% confidence 
interval of (0.3,4.4). 

7 The authors assume that husbands who smoke less than five cig./day do not smoke 
at home. 
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FIGURE 3-3. ORDERED VALUES OF THE S STATISTIC FROM ADJUSTED 
ANALYSES OF STUDIES IN TABLE 3-6 
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3.4. EVIDENCE OF DOSE-RESPONSE IN CASE-CONTROL STUDIES WITH MORE 
THAN ONE EXPOSURE LEVEL 

Data for studies that report relative risk (RR) hy levels of exposure are given in Table 3-7,. 
along with the results of statistical tests for trends when available. The RRs are plotted against 
exposure and shown in Figure 3-4. Both adjusted and unadjusted estimates of RR are 
presented, as data permit. Some observations are apparent from the plots, For example, the 
estimated RRs increase in seven studies: AK1B, CORR, GAO,.GENG, INOU, PERS, and 
TRIC; decrease slightly in one case: LEE; and are variable in the remaining five plots: GARF, 
HUMB, KOO, LAMT, and VARE. 

If RR is independent of ETS, then the predicted RR at the highest exposure level is less 
than one with probability at least one-half. (Technical Note: If the distribution of the observed 
RR under the null hypothesis is symmetric, then the value is one-half. The distribution' depends 
on the statistical method used in a study. All appear to be skewed to the right, judging from the 
confidence intervals. For a right-skewed distribution, the median is less than'the mean. Thus, 
the probability of values greater than one exceeds one-half.) The observed RR at the highest 
exposure level is less than one in only two of the 13 studies above. The probability of two or 
fewer such occurrences by chance albne is approximately 0.012. It can be concluded, therefore, 
that the plots for trend are consistent with conclusions of the previous statistical tests conducted 
on the case-control studies, i.e., that the observed association between exposure to ETS and 
increased occurrence of lung cancer deaths is statistically significant. 
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TABLE 3-7. CASE-CONTROL STUDIES: EXPOSURE RESPONSE 
TRENDS FOR FEMALES 


j Study 

Exposure 

RR 

Cl. 1 

P-Trend 

Analysis 

Unadjusted 

Adjustedi 

AKJB 


1.0 


0.06 

X 


(cig./dav) 

1-19 

1.3 

(0.7,23)? 





20-29 

115 

(0.8,2.8) 2 





>:30 

2.1 

(0.7,2.5) 2 




CORR 

0 

1.0' 


* 

X 


i (pack-yrs.) 

1-40 

1.18 

* 





>41 

3.52 

* 




GAO 

0-19 

1.0 


* 


X 

(tot.yrs.) 3 

20-29 

111 

(0.7,1.8) i 





30-39 

1.3 

(0.8,2.1) 





>40 

1.7 

(1.0,2.9) 




GARF 

0 

1.0 


<0.025 

X 


! (cig./day) 

1-9 

1.15 

(0.8,1.6) 





10T9 

1.08 

(0*84-5) 





>.20 

2.11 

(14,4.0) 




GENG 

0 

1.0 


* 

X 


j (cig./day) 

1-9 

1.40 

( 1 . 14 . 8 ) 





10-19 

1.97 

(1.4,2.7) 





>20 

2.76 

(1.9,44) 




HUMB 

0 

1.0 


*: 

X 



1-20 

1.8 

(0.6,5.6) 2 





>.21 

1.2 

(03,5.2)? 




INOU 

0-4 

1.0 


<0:05 


X 

(cig./day) 

5-19 

2.58 

(0.4,5.7) 2 





>2Q 

3.09 

(1.0,11.8)? 




KOO 

0 

1.0 


* 


X 

(cig./day.) 4 

1-10 

2.33 

(09,5.9) 





11-20: 

1.74 

(0.83.8) 





>.21 

1.19 

(0.53.0) 





(continued on following page) 
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TABLE 3-7. (continued) 







Analysis 


Study 

Exposure 

RR 

C.I. 1 

P-Trend 

Unadjusted; 

Adjusted 

LAMP 

0 

1.0 


<0:01 

X 


(cig./day): 

1-10 

2.18: 

(1.14,4.15) 





111-20 

1.85: 

(1.19,2.87) 





2.21 

2.07' 

(1.07,4.03) 




j LEE* 

0 

1.0 


* 


X 6 

I 

Low 

0.92 

* 





High 

0.81 

* 




PERS 7 

0 

1.0 


* 

X 8 


(cig./day) 

1-15 

1.8 

(0.6,5.3) 





M6 

6i4 

(1.1,34.7) 




TRIG? 

O'. 

1.0 


* 

X 


(:cig:/dav) 

1-20' 

1.95 

* 





>.21 

2.55 

* 




VARE 10 

0; 

1.0 


* 


X 

(cig./day)i 

1-20: 

0.79 

(0.6,1.1) 



" 


21-40: 

0.91 

(0.6,1.3): 





41-60 

1,23 

(0.6,2.4): 





61-80 

0.42 

(0.1,2.3) 




i 

80 h- 

2.86 

(0.3, 27.7) 




WU 11 

0 

1.0 


* 


X 

(yrs. 

1-30 

1.2 

* 




1 exposed 
as adult) 

2.3H 

2.0 

* 





1 Confidence intervals are 95% unless noted otherwise. 

2 90% confidence interval. 

3 Years lived with: a smoking husband. 

4 Cig./day smoked by husband. 

5 All histologies. 

6 Exposure at home only. Standardized for age, spouse smoking, and whether 
currently married. 

7 Small cell carcinoma only. Observed risk was lower for other histologies 
combined. 

8 Stratified analyses and'conditional (logistic); regression produced consistent 
results. 

9 Data froirr Trichopoulos et al. (1983). 

101 From Table 2 of Varela (1987) for spouse smoking, presumably including males. 

11 Adenocarcinomas only. 
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FIGURE 3-4. PLOTS OF RELATIVE RISK AGAINST EXPOSURE 
FOR STUDIES UN TABLE 3-7 
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FIGURE 3-4. (continued): 
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3.5. BASIC ISSUES IN POTENTIAL BIAS FROM MISCLASSIFICATION 
IN CASE-CONTROL STUDIES 

Bias, particularly misclassification of subjects by smoking status, is not limited! to case^ 
control studies. Quantitative adjustment of the overall observed RR for possible misreporting of 
smoking habits is addressed in detail ini Section 4.4.2. 

3.5.1. Background 

Estimationi bias is due to study design, protocol, or method of analysis that apriori makes 
the expected outcome too large (positive bias) or too small (negative bias). Although sample 
size and dispersion contribute to outcome variability, neither repeated sampling nor increasing 
the sample size will affect bias. In either case, the estimate (om average) simply becomes 
arbitrarily close to the unknown value of interest, i.e., the true RR plus the bias. In practice, 
each case-control study has its own bias. If bias is largely random over a set of studies, some 
averaging effect toward zero would be expected. If there is a consistent source of bias in studies, 
however, sometimes referred to as "systematic bias," then it cannot be expected to disappear as 
the number of studies increases. 

3.5.2. Sources of Bias 

Ever-smokers (former and current smokers) are more likely to incorrectly report 
themselves as never-smokers (MS) than the reverse. A smoker is more likely than a nonsmoker 
to marry a smoker, so these misclassified ever-smokers (ES) are more likely to be exposed to 
ETS thani true NS. Among lung cancer cases in a study (all of whom are reported NS), those 
who are actually former smokers (FS) or current smokers (CS) are disproportionately classified 
as exposed to ETS (assuming that the smoking habit of the spouse is not misreported'as well). 
These cancer cases classified as exposed to ETS may have been at higher risk for lung cancer 
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because of a history of; smoking, not just because of exposure to ETS. Hence, a lung cancer 
effect' from active smoking may be contaminating the evaluation of the risk of passive smoking. 
Misreporting among controls tends looverstate the percentage classified as exposed to ETS, due 
to the concordance of smoking habits in married couples. This artificially elevates the exposed 
percentage in controls relative to cases* so it contributes to underestimation of risk (or bias in 
the negative direction). 

Subjects classified as unexposed are rarely "truly unexposed"~as supported by data on 
measurements of cotinine. The NRC report takes this "background" exposure into account in 
adjusting an overall relative risk for a "net" bias. Recent survey results of Cummings et al. 

(1989b) provide additional evidence of background exposure in NS. Detectable levels of 
cotinine were found in 132 cf 162 (81%) of the nonsmokers who reported no exposure in the 
four days preceding the interview; A mean urinary' cotinine level of 8.8 ng/mL was found among 
nonsmokers; Although the >:udy, is based on self-selected volunteers, the authors note that the 
results are consistent with reports from other studies. Cummings and colleagues conclude that 
exposure to ETS is extremely prevalent, even among those not living with a smoker. 

The overall estimate of RR in the NRC report places the excess risk of lung cancer 
associated with spousal smoking at about 34%. An adjustment for possible misclassification of 
the never-smoker status reduces the value to 25%. A second adjustment to make the risk 
relative to a truly unexposed subject, i.e., to take into account a background level of exposure, 
raises the increased risk tc 42%. Consequently, the net adjustment for bias is upwards. The 
reports of the UIS SG (19S6) and IARC (1987) do not adjust their overall risk estimate for 
possible bias. 

Potential 1 sources of rias have been given considerable attention in the literature, often 
with an emphasis on the potential for positive bias (over-estimation of relative risk in this case). 
The following discussion not complete, but it raises some of the more prominent issues on this 
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topic: Many of the potential sources of bias that have been raised in the literature could 
conceivably create negative bias as well. Of greatest concern, of course,, has beenithe potential 
for bias from misreported classification of smoking status, i.e., CS or FS reported! as NS. 

The diagnosis of Ring cancer im cases may be a; source of bias, e.g., a cancer that 
originated at another primary site and then metastatised in the lung may be incorrectly 
diagnosed! as a primary cancer of the lung (Samet, 1988b). As an example, Garfinkel et: all 
(1985) report that about 12% of lung cancer patients identified through hospital records were 
reclassified after histological review. Some studies addressed this issue by including only 
pathologically confirmed lung cancers or by considering histological cell type in their analyses 
(e.g:, CORR, GARF, PERS, and others). 

Bias due to a proxy respondent in place of the subject has also been raised as an issue by 
Mantel (:1987b) and by Kilpatrick (1987), with evidence from two studies,. As reported in Eriksem 
et al. (1988), respondent bias can be a source of bias in either direction, (Sackett,. 1979). Ini 
general the information provided by surrogates has been comparable to that provided by the 
individuals themselves (Blot et al.,. 1985). The recent study by Cummings et al. (1989a) of the 
passive smoking histories of 380 NS further supports that conclusion. They report substantial 
agreement between subjects and surrogates on most exposure measures. 

Vandenbroucke (1988) and Mantel (1987a) have questioned whether there may be a 
publication bias, i.e., whether studies with non-significant results are less likely to be published 
Vandenbroucke constructed a quantitative approach but found publication bias only for the 
studies on men. Wells (1988a) reviewed the subject and found it unlikely that publication bias 
has any substantial effect' on the RRs that have been calculated from published reports: for 
passive smoking for either men or women. 
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3.6. COHORT STUDIES: BACKGROUND 

The three cohort studies that have been, conducted are: Garfinkel (1981); Gillis et al. 
(1984), which was recently updated'by Hole et al., (1989); and Hirayama (1981a, 1984); 
abbreviated as GARF(Coh). GlLL(Coh), and! HIRA(Coh), respectively. (The "Coh" in 
parentheses means a cohort study.) The three studies are included in most of the references 
cited for summary descriptions and comparisons of case-control studies in Section 3.1. The U.S. 
SG.’s report (1986) sketches the basic features of the cohort studies and the salient topics of 
controversy and discussion that' appeared in the literature. The Scottish study, GILL(:Coh), 
which observed only a very small number of lung cancer deaths (6 men and 8 women), is 
included in the risk assessment in the next chapter but is not discussed further in this section. 

Unlike the case^control studies, several of which have appeared since the NRC, 1ARC, 
and U:S. SGTeports of 1986 and 1987, the two major cohort studies, GARF(Coh): and 
HIRA(Coh), first appeared in 1981. Consequently, most of the issues regarding these two 
studies and their somewhat dissimilar results surfaced well before the three major reports were 
prepared. Critical scrutiny of the Hirayama study had already appeared and had been 
adequately addressed by Hirayama, as described in the U:S. SG and NRC reports. Judging from 
the roundtable discussion at the symposium "Medical Perspectives on Passive Smoking" 

(Lehnert, 1984), previous challenges to Hirayama’s work regarding data analysis and other 
issues appear to have been resolved, aside perhaps from the issue of misreported smoking 
habits. Even one of the strongest critics of epidemiologic findings (P.N. Lee) offered a qualified 
acceptance of the strength of the statistical evidence in the Hirayama study: "It is ... clear in Dr. 
Hirayama’s diala that if one takes the age of the husband or wife into account and does the 
analysis correctly, there is a statistically significant association in lung cancer risk, but the 
significance is not nearly as marked as in the incorrect analysis." 
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In contrast, the study by Garfinkel and colleagues at the American Cancer Society (ACS) 
has undergone much less questioning and critical examination: although the problems 
experienced in conducting the study and the potential for error im the results have not gone 
unnoticed. The difference in outcomes in HIRA(Coh) and GARF(Coh) has been a source of 
concern to many, but to our knowledge no one has conducted a statistical review of GARF(Coh ) 
or compared the statistical methodology in the two studies. Those topics are addressed in the 
following section. 

3.7. SOME COMPARATIVE ASPECTS OF THE TWO MAJOR COHORT STUDIES: 

HIRA(Coh) AND GARF(Coh) 

3,7:1. Overview 

An> increase in risk of lung cancer from ETS was observed in both cohort studies, with 
statistical significance (p < 0.05) achieved in HIRA(Coh) but not in GARF(Coh).. In the formei 
study, the observed! risk increases as spousal smoking increases (a "dose-response" relationships 
that would be expected if passive smoking is causally related to lung cancer). Data from the 
American study, however, estimate a higher risk at the lower of two exposure categories (spouse 
smokes < 20'cig./day) than at the higher one (spouse smokes 20+ cig./day). Some researchers 
have interpreted 1 this outcome as evidence that there is not a "dose-response” rellationship in the 
American study, or more strongly, that the results demonstrate that there is no increased risk of 
lung cancer from ETS exposure. The statistical evidence supporting an association between 
lung cancer incidence and ETS exposure in GARF(coh) is inconclusive-it is consistent with 
either the presence or absence of a true dose-response relationship. This conclusion follows 
from the 95% confidence intervals for the lung cancer mortality ratio at the low (< 20 cig./day) 
and high (20+ cig./day) exposures, equal to (0.85, 1.89) and (0.77, 1.61), respectively. These 
confidence intervals are consistent with a wide range of possibilities. For example, 1.0 
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(corresponding to no increase in lung cancer mortality) is in both'confidence intervals, but so 
are values corresponding to a substantial dose-response relationship, eg., 1.25 and 1.50 at the 
low and! high exposures, respectively. 

In the following sectiom the Japanese study (HIRA(Coh)) and the American study 
(GARF(Coh)i): are reviewed, withian emphasis: on the cultural differences in the populations 
sampled and the differences in study design, execution, and analysis of data that may help to 
compare outcomes of the two studies. In the final section, data comparisons are made for the 
two studies to evaluate if there are widespread differences across all age-exposure group 
combinations, or just specific ones. 

3.7.2. Comparative Review and Discussion of the Cohort Studies 

HIRA(Coh) is a census-population based study of adults aged! 40 or above, begun in 1965 
in 29 Health Center Districts in Japam A total! of 200scases of lung cancer occurred among the 
91,540 nonsmoking married women who were followed. A total of 265,118 subjects were 
enrolled for the entire study (122,261 males and 142,857 females, including unmarried women) 
accounting for 94.8% of the total census in the study area. Subjects were tracked by establishing 
a; record linkage system between the data/interview records and death certificates (Hirayama, 
1983b, 1984): Interviewers:were blind to the smoking status of subjects (NRC, 1986). 

In the Japanese study, relative risks of 1.42, 1.58, and 1.91 were observed for nonsmoking 
wives with husbands who smoked l 1 to 14, 15 to 19, and 20+ cigarettes per day, respectively. The 
corresponding value for women whose husbands were former smokers is 1.36, which falls 
between the values for nonsmoking and light smoking husbands (Hirayama, 1984). The observed 
increase in risk across the exposure categories, with former smokers classified between 
nonsmokers, and the 1 to 14 cig./day group, is statistically significant by the Mantel-Haenszel 
test (one-tailed p: < 0.002). Also, RR for women married to smokers increased with age and 
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with duration of exposure to spousaL smoking (age and duration of exposure are .likely 
correlated, so these should not be construed to be independent results). 

GARF(Coh), the ACS’s Cancer Prevention Study, (CPS-1), began in 1959 when 68,000 
volunteers in 25 states enrolled more than one million men and women for lbng-term follow-up 
Volunteers: were instructed! to recruit people they, knew well. Subject participation was fairly 
evenly divided across large cities, small cities and suburbs, small towns, and rural areas. Overall, 
about 3%, of the population over the age of 45 in 1121 counties was recruited: Enrollment 
included all family members of age 3()!or above, provided at lbast one member of the household 
was at least 45: 

Each year, for six years, the volunteers were asked to report the vital status (alive or 
dead) of the persons contacted: For subjects who had died, death certificates were obtained 
from state departments of health to determine the cause of death. Additionally, physicians who 
certified the cancer deaths were contacted and asked to supply information to verify the primary 
sites of the cancers. In the first six years, information was received confirming the primary sites 
of cancer in 78% of the cases, and microscopic confirmation was obtained in 69% of the cases. 
Death certificates overstated the lung cancer rates by 11.8% (Garfinkel! 1981, 1984, 1985): The 
study was essentially terminated after six years, as originally planned in 1965, until it was 
decided to conduct a second follbw-up beginning in 1971. Follow-up was achieved for 98.4% of 
the subjects. The follow-up was terminated, however, because tracing became increasingly 
difficult due to death or movement of the volunteers and their substitutes (Garfinkel, 1985). 
Apparently death certificates did not continue to be followed up by a medical report after the 
first six years. For lung cancer cases in all women, married or not, 203 out of a total of 564 
(36%) reported by death certificates were accompanied by a medical report. 

The American study does not provide conclusive results regarding a possible associationiofi 
lung cancer with ETS exposure. The ratio of observed to expected lung cancer deaths, referred 
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to as the mortality ratio (Garfinkel, 1981), is 1.27 and 1.10 for nonsmoking women with 
husbands who smoked < 20 cig./day and 20+ cig./day, respectively. Neither value is statistically 
significant. When data from the Hiiayama study are grouped according to the same exposure 
levels (< 20 cig./day and 20+ cig./day), the observed relative risks are 1.45 and 1.91, with 
one-tailed p-values of 0.03 and 0.001,, respectively (Hirayama, 1984). 

The American cohort study appears to contain more statistical uncertainty than the 
Japanese study. Some of the general factors contributing to uncertainty in study data are 
related to sample size, variability in the population sampled, sample design and protocol, 
treatment of missing or incomplete data, accuracy and reliability of collecting and reporting 
data, and methods of statistical analysis. When the data produce a clear pattern, such as 
HIRA(Coh), with a consistent upward trend across exposure categories and age groups that 
cannot be ascribed to chance alone, one has some assurance that the sources of variability are 
not obscuring a dose-response relationship. Apparent differences between outcomes of the two 
studies could be due to one or more sources: (1) a real difference in risk in the populations 
studied (perhaps due to higher exposure or uptake of ETS); (2) differences in the way the 
studies were designed, conducted, or interpreted; or (3) chance occurrence alone. There is 
suggestive evidence for the first two alternatives. Subjects in the American study were followed 
for 12 years compared to 16 years in the Japanese study (Hirayama, 1984), so the proportion of 
subjects with lung cancer would be expected to be lower in the American study. As reviewed in 
the U,S. SG’s report (1986), the relatively high risks observed for nonsmokers whose husbands 
smoked led to speculation that Japanese women may report themselves as nonsmokers when 
they actually smoke (also see Lehnert, 1984). However, some reassurance of the validity of 
self-reported information from Japanese women is provided by the AKIB study, which found 
strong concordance between self-reported smoking status and! the reports from the next-of-kin. 
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Hirayama has emphasized the importance of properly defining passive smoking. He 
classifies direct' passive smoking as exposure from within approximately li to 1.5 meters of the 
source and indirect passive smoking as exposure from a greater distance (Hirayama, 1984, 
Lehnert, 1984]. Direct passive smoking is of much greater concern than indirect passive smoking 
(Lehnert^ 1984). Japanese wives may experience more direct passive smoking if they tend to be 
in closer proximity to their smoking husbands than American wives. Related factors that may 
contribute to a net increase in exposure for Japanese wives relative to their American 
counterparts include house sizes, the number of smokers per volume of air, proximity of 
nonsmoking spouse’s sleeping area to spouse’s smoking area^ and the amount of time a 
nonsmoking spouse is in' the home. Hirayama (1981b) notes additional differences between 
Japan and America that may influence exposure, such as a higher percentage of office workers 
among females in the United States than in Japan and a higher divorce rate in the United 
States. Japanese wives may be much less exposed to ETS from sources other than spousal 
smoking in the home than U.S. wives, i.e., background exposure to ETS may be lower for 
Japanese wives. (Technical Note: An increase in exposure to household ETS and a decrease in 
exposure from other sources for Japanese women relative to U.S. women would both contribute 
toward a higher RR for the Japanese if passive smoking is causally related to lung cancer.) Two 
additional factors that may affect a comparison between the United States and Japan include 
total cigarette consumption and lung cancer rates due to causes not related to tobacco smoke. 

These differences between the U.S. and Japan weigh heavily in favor of J&pan as the more 
fertile sociological environment for observing an excess risk of lung cancer from passive smoking 
by means of an epidemiolbgic study based! on spousal smoking. Exposure to household ETS 
appears to be higher in general, with more direct' passive smoking, and exposure from other 
sources (background exposure) appears to be lower. These factors contribute to a larger relative 
exposure to ETS between the so-called exposed! and unexposed groups. If passive smoking is a 
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risk factor: for Ibng cancer, then the observed 1 relative risk should be higher when the relative 
exposure to ETS> between the comparison groups is higher (mitigating factors not withstanding). 
There are also some differences in themethods of analyzing and interpreting data in the two 
cohort studies, as described in the next section. 


3.7:3, Comparative Data Analysis of the Cohort Studies 

The measures of risk reported in HlRA(Coh) and GARF(Coh), the odds ratio and the 
mortality ratio, respectively, are not identical statistics. Neither are the statistical! methods to 
control for age the same. The method applied by Hirayama (Hirayama, 1984) is the 
ManteFHaenszel procedure, commonly used to standardize for age and other factors that may 
have an influence. To control for age by this method, for example, study observations:are 
grouped! by time intervals; Comparisons between exposure groups are made at each time 
interval,, and 1 then the results are combined across intervals to test for a difference between 
exposure groups (the extended M-H procedure). The method of analysis used by Garfinkel 
(1981) is somewhat different (described more fully in Hammond et aU 1975, 1976). Adjustment 
for age is handled by. assigning weights according to person-years with a smoking husband. The 
results are analyzed! as quantai response data. 

The method previously applied! to non-ETS data in the American study is used to 
statistically adjust for potential confounding variables (Hammond'et ah, 1975, 1976). Groups are 
formed from the data: matched on age, race, highest educational status of the husband or wife, 
residence, and whether or not the husband is occupationally exposed to dust, fumes, or vapor 
(Garfinkel. 1981) The ratios, of the number of adjusted lung cancer deaths in the low (< 20 
cig./day); and high (20+ cig./day); exposure categories to the corresponding number in the 
control group, i.e.. the nonsmoking women withi nonsmoking husbands, are reported to be 1.37 
and 1.0,4. respectively., neither of which is statistically significant. Using data from the American 
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studV that includes age at time of death, duration on study, and whether death was due to lung 
cancer or another cause (supplied by L. Garfinkel),, the Mantel-Haenszel method was applied 
controlling for age and duration on study. Controlling for these two factors simultaneously, 
however, did not produce statistical significance or otherwise alter previous conclusions. 

For further comparison! the descriptive data from GARF(Coh) corresponding to the age 
groups and exposure classifications of data published! for HIRA(Coh) (Hirayama, 1984^ Table 1) 
were placed side-by-side for visual! comparison: (Table 3-8). Relative to the general pattern of 
response in the Japanese study, the American data appear to be at greatest variance from what 
might be expected in the two subgroups: at highest exposure (20+ cig./day) in the age 
classifications 40 to 49 and 50 to 59. Further review of those data for completeness, possible 
sources of bias, or unanticipated anomalies may be illuminating: 


3.8. SUMMARY AND CONCLUSIONS 

The primary focus of this chapter has been on hazard identification, in this case a 
statistical assessment of the combined evidence from 21 case-control studies and three cohort 
studies of am association between ETS exposure of never-smoking women and lung cancer. The 
case-control studies vary with regard to inclusion of raw study data* an adjusted statistical 
analysis (adjusting, or controlling; for covariables in the statistical analysis), and dose-response 
information to test for upward trend (lung cancer occurrence reported by the amount spouse 
smokes); The statistical assessment was conducted from these three perspectives. Overall, 
analysis of unadjusted odds ratios (19 studies) indicated a significant lung cancer relationship (p 
<_ 0.001 for both statistical tests used. The two statistical tests based on authors’ adjusted 
statistical procedures in 11 studies were also significant (p _< 0:001 and p = 0.014). To check 
for an upward trendi ini response, observed relative risk was plotted against exposure (e.g:,. 
number of cig./day smoked by the husband) for the 13 case-control studies reporting these data 


3-41 


05/17/9 


Source: https://www.industrydocuments.ucsf.edu/docs/ffbl0000 


ZTfeSSCZOZ 



DRAFT-DO NOT QUOTE OR CITE 


TABLE 3-8. TWO COHORT STUDIES; FEMALE LUNG CANCER 
DATA FOR SIMILAR AGE AND EXPOSURE GROUPS 1 


Age 3 

Study 4 

Husband’s smoking habit? 
Nonsmoker 1-19 

20 + 

) 

! 

40-49 

G 

9/23,743 

6/11,791 

12/26,918 



(3.8) 

(5.1) 

(4.5): 


H 

4/6,229 

14/13,779 

16/10,764 



(64) 

(10.2) 

(14.9) 

50-59 

G 

31/25,108 

25/13,528 

21/24,184: ! 



(12.3) 

(18.4) 

(8.7) 

i 

H 

10/7,791 

28/13,720 

24/9,820: 



(12.8): 

(20:4) 

(24-4) 

60-69 

G 

23/15,138 

16/6,884 

20/7,299 



(15.2) 

(23.2): 

(27.4) 


H 

18/7,120 

37/9,756 

23/4,651 



(25.3) 

(37.9) 

(49.4) 


1 Entries are (number of lung cancer deaths)/(number at risk), stated as a percentage (x 100) 
in parentheses. Data for age 70-79 are omitted because of small sample sizes and small 
number of lung cancers observed. Data for "G" were supplied by L. 

Garfinkel. Data for "H" are in Hirayama (1984). 

2 Cigarettes/day. 

3 Women’s age for G; Husband’s age for H. 

4 G.GARF(Coh) H: HIRA(Coh). 
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Although outcomes vary, an upward trend was observed in more instances than could be 
attributed; to chance alone. Tabled study characteristics did not suggest common features among 
the studies that might explain their findings. The statistical results solidly support the 
conclusion that the observed association between lung cancer and ETS exposure in case-control 
studies is not attributable to chance occurrence. 

The cohort studies were addressed separately from the case-control'studies for several 
reasons. The size of the two major studies,, the U.S: study by the American Cancer Society and 
the Japanese study by Hirayama, might dominate the outcome of some comparisons with case- 
control studies. Also, the cohort studies differ from the case-control studies in design, execution, 
and numerous other characteristics. The Japanese cohort study alone provides compelling 
evidence of a lung cancer risk associated with ETS exposure. Although some corrections to the 
initial calculations were required, it has withstood extensive critical examination since its 
appearance in 1981 (see NRC, 1986). Results of the American cohort study are less conclusive. 
Differences in culture and life-style between the U.S. and Japan suggest that ETS exposure from 
spousal smoking may be higher, and exposure from background sources lower in the U.S. than 
in Japan. In view of other study evidence of an upward trend in response, the more pronounced 
outcome observed in the Japanese study might be anticipated. 

Although the American cohort study weakly indicates an increased lung cancer risk from 
ETS exposure, the data have an observed inversion in dose-response, i.e., lower response at high 
exposure to spousal smoking than at moderate exposure. Further study, of the data to see if the 
inversion can be explained may be warranted, especially since this study is the largest in the U.S. 
and is the only U.S. cohort study. A statistical analysis of the data adjusted for survival was not 
helpful. Consequently, the well-patterned response of lung cancer occurrence by, subjects’ age 
and husband’s smoking status in the Japanese experience were used as a model to illuminate 
departures in the American survey: Data in the American study deviate most from what might 
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be expected in the two subgroups at highest exposure (over 20 cig./day) in age groups 40 to 49 
and 50 to 59. Further examination of this subset of the data may be warranted! 

Based on the statistical results of this chapter, this report concludes that passive smoking 
is associated with an increased risk of lung cancer. The stronger conclusion of a causal' 
association; however, is not warranted from these statistical tests alone. Other factors must be 
considered!as welii including the likelihood that the observed association is attributable to 
systematic bias or the presence of a confounding variable. Further analysis relevant to whether 
the stronger conclusion of causal association is relevant is given in the next chapter. 
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4. ASSESSMENT OF LUNG CANCER 
RISK FROM ETS 


4.1. INTRODUCTION 

The preceding chapter addressed the topic of hazard identification 1 and concluded that 
ETS exposure is associated with lung cancer. Statistical tests alone, however, do not generally 
warrant the conclusion! that mo variables are causally related; i.e., that one of the variables is;a; 
contributing cause of the other. The total weight of evidence needs to be considered. In 
particular, the likelihood! that the observed association is attributable to a confounding variable 
or a systematic source of bias needs to be considered. If it is concluded that ETS is causally 
associated! with lung cancer, then the next step is to characterize the magnitude of the 
population risk. 

Review and analyses of the epidemiologic studies described in Chapter 3 and 
supplemented by Appendix A have not indicated a correlate of ETS that may explkim the 
observed association between ETS and lung cancer. Among the potential sources of bias 
discussed; however, misclassification of smoker status needs to be examined as a possible 
explanation of the observed effect. Its significance is determined from the remainder of the 
estimate of overall relative risk after subtraction of an amount attributable to smoker 
misclassification. A model is implemented to estimate the overstatement of relative risk due to 
smoker misclassification; the technical details of which are included in Appendix B. The overall! 
relative risk of lung cancer remains significant after adjustment for smoker misclassification. 
Based on this outcome and other evidence, it is concluded that ETS is causally associated withi 
lung cancer. After numerically adjusting for background ETS (sources other than spousal 
smoking), the lung cancer risk of ETS from all sources to the UlS. population of nonsmokers 
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(never-smokers and former smokers of both sexes) is characterized in terms of the number of 
lung cancer deaths (LCDs) attributable to ETS (estimated' at 3:800). 

Several other authors'have estimated the population risk of lung cancer from exposure to 
ETS also. Two approaches have beeni used almost exclusively. One analyzes; the overall 
epidemiologic evidence availhble from case-control and cohort studies, as done in this report. 

The second approach estimates;a dose-response relationship for ETS: exposure based on 
"Cigarette-equivalents" determined from a surrogate measure of exposure common to passive 
and active smoking., Cotinine concentrations in body fluids (urine, bloodi or saliva) and tobacco 
smoke particulates in SS and MS have commonly been used for this purpose Tire lung m . 
risk of ETS is assumed to be equallto the risk of actively smoking at the rate determined by the 
cigarette-equivalbnts. 

The NRC report is a good example of the first approach. An overall 1 estimate of relative 
risk (iRR)' for never-smokers exposed to spousal smoking is obtained by statistical analysis across 
all available studies (as in Chapter 3 of this report). Two adjustments are made then to the 
estimate of R R. The first adjustment accountsTor expected bias from former smokers (FS) and 
current smokers (CS) who may be misclassified as never-smokers (NS) and it results in a 
decrease in the RR estimate. The second adjustment, an upward correction, takes into account 
the; risk from background exposure to ETS (experienced'by a NS whether married to a smoker 
on not):. Population risk can be characterized then by estimating the annual number of LCDs 
among NS attributable to: all 1 sources of ETS exposure (spousal smoking and background). This 
calculation requires the final-adjusted estimate of relative risk, the annual number of LCDs from 
all causes in the population assessed I (e.g-., NS of age 35 or above); and the proportion of that 
population exposed to> spousal smoking. The entire population is assumed to be exposed'to a 
background level oil ETS! 
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The cigarette-eqtiivalents approach calculates an estimate of the lifetime excess risk of 
lung cancer from exposure to ETS, extrapolated from a dose-response curve constructed for 
dose-response of active smoking. Multiplying this estimate by the size of the population exposed 
to ETS characterizes the population risk in terms of the excess number of lifetime lung cancers. 
It is important to note that the population excess risk in the first approach is statedi ini terms of 
an annual number of lung cancer cases; in the second approach, population risk is stated in 
terms of the lifetime excess number of lung cancers. There are variations on the two basic 
approaches described, but the published literature largely falls into the two camps 
described—inference from the epidemiologic studies or extrapolation from a dose-response 
assessment for active smoking. A recent review of risk assessment methodologies in passive 
smoking may be found in Repace and Lowrey (1990). 

Examples from the published literature illustrating both approaches and their results are 
reviewed in Sections 4.2 and 4.3. Section 4.4 describes the risk assessment of lung cancer from 
ETS exposure for this report, based on epidemiologic data (the first approach described'above) 
The overall relative risk to female NS married to a smoker is estimated from the epidemiologic 
studies with 95% confidence bounds and then an adjustment for smoker misclassification bias is 
calculated from an extension of the NRC/Wald formula. Background ETS is taken into account 
in a second adjustment to RR (implicitly redefining RR at that point to be "relative" to the risk 
atzero-ETS instead of at an average background level of ETS). The population attributable risk 
then is estimated to obtain an annual number of U.S. LCDs in never-smoking women 
attributable to total ETS exposure. The predicted number of LCDs due to ETS is further 
extended to include malfe NS and then to include former smokers of both sexes. 
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4.2. PREVIOUS ESTIMATES OF RELATIVE RISK FROM EPIDEMIOLOGIC DATA 
4.2.1. The NRC Ren>ort and Wald et al. (1986) 

The NRC report follows the construct of Wald and coworkers to adjust for potential 
misclassification bias. The technical 1 details of the adjustment are contained in Wald'et a!. 

(1986) and to a lesser degree in the NRC report. An illustrative diagram for the implicit true 
relative risk of lung cancer from exposure to ETS in women from spousal smoking is shown in 
Figure 2 of Wald et al. A similar example is in Table 12-5 of the NRC report. The formula for 
an extended version of these examples is given in Appendix B (Equation B1), with the required 
parameters described! in Tables B-l through B-3. The summary relative risks from observed 
data reported by the NRC are 1.32 (95% C.I. 1.16, 1.51) for females and 1.62 (0.99, 2.64) for 
males. Both RR estimates apply to NS married to smokers, i.e., the estimates apply to lung 
cancer risk in exposed NS (actually exposed to spousal smoke and background sources) relative 
to the risk in unexposed NS (actually exposed to background sources only); The terminology 
adopted from epidemiologic studies comparing an exposed group with an unexposed group can 
be misleading when sources of ETS other than spousal smoking are taken into account (i.e., 
background ETS). Both groups experience background exposure to ETS, so one group is at a 
higher exposure level (from spousal smoking and background) and the other one is at a lower 
exposure level (backgound alone). 

After adjusting for expected negative (downward) bias in the RR estimates due to smoker 
misclassification. the NRC concludes that the relative risk for both females and males is likely to 
be 1.25, and probably lies between 11.15 and 1.35. The "relative" in RR, however, still means 
relative: to the risk from background exposure alone. To estimate the number of LCDs in NS 
attributable to ETS,, risk estimates need to be relative to the risk of lung'cancer at zero-ETS 
exposure instead of at background:exposure. This is accomplished in the NRC report by using 
data onicotinine concentrations to compare exposure to ETS at the higher Ibvel (background 
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plus spousal smoking) with exposure to the lower level (background only). This report uses the 
same method^ it will be discussed in more detail. The resultant estimates of RR apply to 
exposed persons and to unexpost c persons, but are now relative* to risk at zero-ETS instead of 
risk at the background level. Thi> adjustment for background sources changes the NRC 
estimate of RR for an exposed person to 1.42 (Tanging'* from 1.241 to 1.61); the change is due 
only to implicit redefinition of RR to meani risk relative to zero-ETS, however, ; instead of 
relative to a background leveli of ETS. Similarly, the RR estimate from background ETS 
becomes a positive value, since RR now means relative to zero-ETS. The estimates given by the 
NRC are for both sexes, with the qualification that the adjustment for background and'the 
estimation of LCDs attributable to passive smoking (to be described next ) are ."crude". 

The NRC report estimates that about 21% of the Ring cancers; in nonsmoking women' and 
20% in nonsmoking men may be attributable to exposure to ETS (NRC, 1986, Appendix C). 
When applied to the ACS’s estimate of 6500 (3000) LCDs among NS women (men) in 1988, the 
number attributable to ETS exposure is 1365 (i600), a total of about 2000. To obtain these 
figures for annual LCDs attributable to ETS ini NS requires the RR figure for exposed and 
unexposed persons obtained from data on married NS. Not all NS are married, of course, and 
the NRC estimates that 17% of all NS women (married or not) and 12% of NS men (married 
or not); are exposed to ETS at the higher exposure level (equivalent to background plus spousal 
smoking); the remaining percentages are assumed to be exposed at the lower exposure level 
(background ETS only). These exposure percentages are based on a sample of cotinine 
concentrations. In effect, the NRC is estimating the RR for the population of NS by taking a 
weighted average of the RR at the higher exposure level and the RR at the lower exposure 
level, weighted by the proportions of the population at the higher and lower exposures. The 
population; is not bipolarly distributed! at two exposure levels, but a judicious assignment of 
values to the proportions assumed will produce a weighted average that approximates RR for 
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exposure near the population average. An implicit assumption is that RR is linearly related to 
ETS exposure between the lower and higher exposure levels, 

The remainder of this,section discusses details of the NRC and Wald et al. (1986); analyses 
to adjust the overall RR for bias from smoker misclassification (the first step in the procedure 
above). In particular, NRC parameter values used for the adjustment are compared with those 
to be used in Section 4.4 of this report. Both the NRC and Wald et al. assume that 50% of 
women are NS. Wald et al. assumes that the remaining 50% consists-of 35% CS and 15% FS, 
based oma survey conducted in Britain. Estimates for the U[S. for 1985 from the National 
Health Interview Survey (NHIS), as reported, ini the U.S. SG (1989) report, place the percentage 
of U.S; females who are CS and FS at 27.8% and 16.9%, respectively, for a total of 44.7% ever- 
smokers (ES) in the U.S. Corresponding values for 1982 from the initial phase of the ACS’s 
Cancer Prevention Study II (CPS-II) are 22.1% and 22.6%, respectively, for the same total 
percentage (44.7%). Consequently, the 50% value for ES is probably a little high for the U.S., 
and the composition of female ES in the U.S. between 1982 and 1985 is probably closer to 22% 
to 28% CS and 17% to 23% FS. In 1 Section 4.4, this report assumes 45% female ES, consisting 
of 25% CS and 20% FS. 

The NRC report estimates that the lung cancer risk of smokers relative to nonsmokers 
may be as high as 8.0; based on an ACS study in 1966, and the British Physician'S Study in 1980, 
and then allowing for a reasonable increase by the mid-1980s. The initial phase of CPS-II 
indicates that the relative risk for female CS aged 35 and older has soared from 2.9 between 
1959 and 1965 (CPS-I) to 1H 9 (95% C.I. 10.0,,14.3) between 1982 and 1986 (CPS-II) (S.G., 

1989, p. 153). The large change is related to an increase in the number of women who. began 
smoking two to three decades ago, ; a sufficient period for Jung cancers to appear in the mid- 
1980s. The relative risk reported for female FS: ini the general population from CPSril is 4.7 
(95% C.I. 3:9, 5.7) U.S. SG, 1989): ES (CS and FS) misreported as NS are assumed to have a 
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lower risk than correctly reported ES. The NRC report suggests an overalll relative risk of two 
for misclassified ES (but notes that it could be as high as four). Wald eti alL adjusts the smoker’s 
relative risk for misreported CS and FS (from eight to two); assuming the misclassifieation! 
percentage of ES is an aggregate of 2.1% attributable to CS and 4.9% due to FS. 

In this report, calculations for the adjustment to relative risk for misclassifieation are 
made directly from the specific values assumed for CS, FS, and! NS, without combining CS and 
FS into a common category (ES). This approach is somewhat more general and should! provide 
additional flexibility and accuracy. The extended formula is given in Appendix B. The 
calculations in Wald et al. and the NRC report are a special case. Wells has undertaken to< 
model the impact of misclassifieation in further detail by using parameter estimates that are 
characteristic of the time and place of each study for which a bias is estimated, e g., in estimates 
of relative risk for CS and FS. His initial results indicate that the overall 1 relhtive risk estimate 
increases with this modification (personal communication from AJ. Wells). 

The NRC report and Wald et al. make a correction to the overall relative risk estimate, 
using identical procedures, to account for background exposure to ETS. Urinary cotinine is 
used as a surrogate for recent exposure to tobacco smoke in NS. In the study by Wald and 
Ritchie (1984)j the urinary cotinine levels among NS exposed to smoking spouses were three 
times those of NS married to NS. To make the lung cancer risk to exposure to ETS relative to 
a zero-exposure group, it is assumed that the excess lung cancer risk from ETS exposure is 
proportional to urinary cotinine concentration. Nbte that this assumption does not imply that 
cotinine (or its precursor nicotine) determines the carcinogenic potential of ETS. The formula 
to calculate the adjustment is in Equation B2 in Appendix B. 

The NRC report calculates the population-attributable risk, assuming that 17% of 
nonsmoking women and 12% of! nonsmoking men are exposed to ETS and that the remaining 
percentages are exposed to a background level of ETS (NRC, 1986, Appendix C). The exposure 
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percentages: for men. (:12%)i and women (17%) are from a sample of cotinine measurements in 
men reported in Wald and Ritchie (1984). The 17% is a very low figure for female NS when 
compared! ;;o the percentages exposed in the ease-control studies (see Figure 3-1). The 121 
married males tested! by Wald and Ritchie are not representative of the U.S. populatiom Wald 
et al. (li986) assume an exposure percentage of 59% in their example calculation; for female NS 
and the NRC report (:p.236) uses an odds ratio of 1.3/3.3 (= 39%) for the exposure of femalfe 
nonsmokers (NS in this case) in. its example. In the analysis of this report in Section 4.4, 60%; is 
assumed! with a plausible range from 45% to 75%. These values are reasonable for the case- 
control percentages in Figure 3-1. 

4.2.2. Other Risk Assessments Based on Epidemiologic Data 

Wells (1988); provides a quantitative risk assessment that includes several epidemiologic 
studies subsequent to the NRC and U.S. SG reports. Like the NRC report, the epidemiologic 
data for both women; and men are considered, for which; separate estimates of overall risk and 
attributable risk are provided. The three cohort: studies addressed in the NRC report are al&o 
included (no additional ones;have appeared). Fourteen case-control studies are analyzed, three 
of which have appeared in the literature subsequent to the NRC report (Brownsonet al., 1987; 
Humble et al., 1987; Lam et; ah, 1981; denoted in Table 3-1 as BROW, HUMB, and LAMT, 
respectively). Other differences compared 1 to the NRC report are: WU (Wu et al., 1985) and 
the study by Sandler et al.. (ili985) are included; part of the data of BUFF and KABA are 
excluded! and CHAN is excluded The reader is referred 1 to Wells (1988) for discussion of 
criteria for study inclusion. 

Wells calhulates.an. overall relative risk of 1.44 (95% C.I. 1.26,, 1.66)'for females and 2:1 
(i 11.3:, 3,2 )i for males. Following the general approach, ofl Wald et: all (1986), the misclassification 
percentage for ES is assumed to be 5% (compared to: 7% for Wald et al.)i Rates, were adjusted 
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for background exposure to ETS except in studies from Greece, Japan, and Hong Kong, where 
the older nonsmoking women are assumed to experience very little exposure to ETS outside the 
home. A refinement in the estimation of populationrattributable risk is provided by adjusting 
for age ai death (which also appears in the calculations of Robins [NRC, Appendix D])l The 
relative risk is calculated under two^assumptions regarding risk-constant with age and declining 
with age, but there is littlle difference in the two outcomes. A figure of 76% is used for the 
fraction of female nonsmokers (never-smokers) exposed to ETS, assuming that 60% are exposed 
to spousal smoking and another 16% are exposed at a comparable level otherwise. The total 
percentage for males is 61i%. The calculation of population-attributable risk applies to FS as 
well as NS, which is a departure from Wald et al and the NRC report. The annual 1 number of 
excess LCDs in the U.S is estimated to be 1,232 (females) and 2,499 (males) for a total of 
3,731, About 3,000, however, is thought to be a best current estimate. 

Robins (NRC, 1986 Appendix D) explores three approaches to assessment of lung cancer 
risk from exposure to ETS, each with attendant assumptions clearly stated. Method 1 is based 
solely on evaluation of the epidemiologic data applying two assumptions: 1) adjustment of 
relative risk for background exposure to ETS independent of age, and 2) the excess relative risk 
in a nonsmoker is proportional to the lifetime dose of ETS. The validity of both assumptions 
are questioned by the author in later remarks. The age-adjusted populationrattributable risk is 
estimated for females and males separately. (The reader is referred to Robins et al., 1989). 

The age-specific fraction of LCDs due to ETS exposure is also required. Data from the 
controls of one of the case-control studies in the U.S. (Garfinkel et al., 1985) are used for that 
purpose. The age-specific LCD rates, for women are aEo used in calculating population- 
attributable risk for males in lieu of no data: specific to males. Robins assumes that a relative 
risk of 1.3 is associated with ETS exposure (1.14, the summary for U.S. studies, alone, is aEo 
considered/ He omits any adjustment for misclassification, but does adjust for background 
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exposure,, In view of the NRC report's emphasis on the potential for miselassifieation; this 
omission is surprising. The author estimates lifetime risk of LCD attributable to ETS, but 
epidemiologic data alone are not sufficient. Further assumptions implying some similar 
characteristics.in lung cancer risk from active and passive smoking are introduced lor that 
purpose, 

Blot and Fraumeni (1986/ published a review and discussion! of the available epidemiologic 
studies about the same time as Wald et al. (i 11986% the NRC, and the U.S^ SG reports appeared. 
The seti of studies considered: by Blot and: Fraumeni are almost identical 1 to those included in the 
NRC report (see Table 4-1), except for omission of one cohort study (Gillis et al.,. 1984% and 
inclusion, of WU, ; the case-control study excluded by the NRC because the raw data were 
unpublished. An overall relative risk estimate calculated from the raw data for females yields 
1.3 (95% CT 1.1, 1.5% When the results are combined for high exposure categories, the overall 
relative risk estimate is 117 (1.4, 2.1). 

Wiglb et al. (1987) apply the epidemiologic evidence to obtaim estimates of the number of 
LCDs in NS dbe to ETS in the population of Canada. A total of 50 to 60 LCDs per year is 
attributed to spousal smoking alone, with 90% of them in womens Overall, involuntary exposure 
to tobacco smoke at home, work, and elsewhere may cause about 330 LCDs annually: The 
percentage of LCDs in NS used in the calculation is 1.6% for males and 12.4% for females, 
values obtained by pooling results from U.S. and Canadian reports. The fraction of NS with a 
smoking spouse is. estimated! from the control groups in two U.S. studies (Dalager et al. [|1986] 
and: the case-control study of the ACS reported in Garfinkel et ai. [1985]): A pooled prevalence 
rate of 40% fromi these two, studies is assumed. The estimated number of dbaths from lung 
cancer attributable to passive smoking is calculated!separately for males and females, using age- 
specific population figures for Canada and age^speeific rates of death from lung cancer 
attributable to ETS (Repace and Lowrey, 11985). 


4 - 10 : 


05/1,7/901 


Source: https://www.industrydocuments.ucsf.edu/docs/ffbl0000 


2023552325 



DRAFT-DO NOT QUOTE OR CITE 


TABLE 4-1. EPIDEMIOLOGIC STUDIES INCLUDED IN OVERALL RELATIVE RISK IN 
THIS REPORT (FEMALES ONLY) AND SEVERAL OTHER SOURCES 


j 

Study 

Sex 

Observed 
relative risk' 

1 

2 

Sources'" 

3 

4 

5 

AKIB 

F 

1.52(0188,2.64) 

F 

F 

F 

F 

F 


M 

',.80(0.50.5.60) 


M 

M 

M 


BROW 

F 

1.52(0.39,5.99); 



F 


F 


M 

1.38(> , -) 



M 



BUFF 

F 

0.81(0.34,1.90) 


F 

F 

F 

F 


M 

0.50(0.20,1.70) 


M 

M 

M 


CHAN 

F 

0.75(0.43,1.30) 

F 

F 


F 

F 

CORR 

F 

2.07(0.82,5.20): 

F 

F 

F 

F 

F 

1 

M> 

2 00( - , - ) 


M 

M 

M 


GAO 

F 

1.19(0.82,1.73) 





F 

GARF 

F 

1.31(0.87; 1.98) 

F 

F 

F 

F 

F 

GENG 

F 

2.16(1.09,4.28) 





F 

! H U MB 

F 

2.34(0.83,6.61) 



F 

F 

F . 

| 

INOU 

F 

2.55(0.74,8.78) 





F 

KABA 

F 

0.79(0.25,2.48) 

F 

F 

F 

F 

F 


M 

1.00(0.20.4.90) 


M 

M 

M' 


KOO 

F 

1.55(0.90,2.67) 

F 

F 

F 

F 

F 

LAMT 

i 

F 

1.65(1.16,2.35): 



: F 


F .. ! 


(continued on following page) 
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TABLE 4-1. (continued) 


i Study 

Sex 

Observed 
relative risk 1 

1 

Sources 2 

2 3 

4 

5 

LAMW 

F 

2.01(1.09.3.71) 





F 

LEE 

F 

1.03(0.41,2.56) 

F 

F 

F 

F 

F 


M 

1.30(0.38,4.42) 


M 

M 

M 


j PERS 

F 

1.28(0.76,2.15) 

F 

F 

F 

F 

F 

SVEN 

F 

1.26(0.57,2.81) 





F 

TRIC 

F 

2.13(1.19.3.81) 

F 

F 

F 

F 

F 

WU 

F 

1.41(0.54,3.67) 

F 


F 


F 

j GARF 

F 

l;.18(0:90,1.54)i 


F 

F 

F 

F 

1 (Coh) 








GILL 

F 

1.00(0.20,4.91) 


F 

F 

F 

F 

(Coh): 

M 

3,25(0.60'17.65): 


M 

M 

M 


HIRA 

F 

1.63(1.25,2.11) 


F 

F 

F 

F 

' (Coh) 

M 

2.25(1.04,4.85) 


M 

M 

M 



1 Figures for case^control studies are as recorded in Table 2-5, 
with the values calculated in this report from raw data used 
for females. Figures for cohort studies are taken from NRC 
(1986). Parentheses contain 95% confidence intervals. 

: Sources are: 

li Blot and Fraumeni (1986). 

2 NRC (1986):and Wald et al. (1986). 

3. Wells (1988): includes study by Sandler et al. (1985); ) 

on«women, and the data for males in HUMB (Humble et; ' et 

al.., (i 11987), both of which'contain very few eases of 
lung cancer. 

4. Saracci and Riboli (1989). 

5. This report. - 
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Unlike the previous examples discussed, Wigle et al. use the relative risk estimates 
obtained from a study comparing Seventh-Day-Adventists (SDAs) (Phillips eti aL, 1980a, 1980b) 
with a matched group of non-SDAs who are also NS, as reported in Repace and Lowrey (1985). 
The SDA/non-SDA comparison'is used as a* basis for assessing lung cancer risk: from- ETS in a« 
broader environment, particularly outside the home, than the case-control and 1 cohort studies hi 
provides an independent source of data and an alternative approach for comparison, to be 
described further ini the review to-follow. 


Repace and Lowrey (1985)' suggest two methods to quantify lung cancer risk associated 
with ETS. The one based'on epidemiologic data estimates the relative risk of LCD from all 
sources: of exposure to ETS, iie., in the home, at work and elsewhere, in what they describe as a 
"phenomenologic" approach. A comparison' of LCDs in the study by Phillips et all (1980a, 

1980b)i referred to above, wherein'SDA NS and a dfemographicaliy/educationally matched cohort 
of non-SDA NS provides the basic data. Information regarding the number of age-specific 
LCDs and person-years at risk for the two'cohorts is obtained from the study. The comparison 
of two groups of NS is based on the premise that the non-SDA cohort is more likely to be 
exposed to ETS than the SDA groups due to differences in life-style. Relatively few SDAs 
smoke, so an SDA NS is probably less, likely to be exposed at home by a smoking spouse, or in 
the workplace, or elsewhere if associations are predominantly with other SDAs. One of the 
virtues of this novel approach is that it contributes to the variety of evidence for evaluation and 
provides a new perspective on the topic. 

Phillips et al. reported that the non-SDA cohort experienced an average lung cancer 
mortality rate equal to 2.4 times that of the SDA cohort. Using 1974 1 U.S. Life Tables, Repace 


and Lowrey calculate the difference in lung cancer mortality rates for the two cohorts by 5-year 
age intervals and! theni apply this,value to an estimated 62 million NS im the U.S. in 1979, to 
obtain a number of LCDs attributable to ETS annually. The result, 4665,,corresponds to a risk- 
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rate of about 7.4i LCDs per 100,000 person-years. In an average lifespan of 75 years, that valiie 
equates to 5.5 deaths per 1000 people exposed. 

A recent article by, Vainio and Partanen (.1989) assumes that the observed'relative risk of 
1,3 from Wald et all (1986) represents a causal effect. Nh adjustment is made for possible 
misclassification of subjects. The same correctioni method for background exposure used by the 
NRC and Wald et al. is applied to the observed relative risk, to yield 1.53. Two calculations are 
made for population-attributable risk applying an excess risk of 0153 to the exposed fraction of 
the population of NS: and a value of 0.18 for excess risk from background exposure to the 
remaining fraction. The two calculations are identical! aside from the different values of the 
fraction exposedt 12% (men) and 17%; (women); in one case; 28% (men) and 56% (women) in 
the other. The first pair of values is identical to the fractions used in the NRC report, as 
discussed previously in this section. The second set is from one of the case-control studies 
(Humble et al., 1987). The value for population-attributable risk calculated from the exposure 
percentages 12%,, 17%, 28%, and 56%, are 18%, 19%, 22%, and 27%, respectively, which 
illustrates only moderate sensitivity ofi the calculations to the different values assumed for the 
fraction exposed' Vainio and Partanen use the same excess relative risk for both men and 
women in their calculations. The authors conclude that the proportion of lUng cancer cases 
among nonsmokers that could reasonably be attributed to ETS is 20% to 30%., This range is 
consistent with population exposure percentages of 20% to 75%. A plausible range for exposure 
percentages is about 45% to 75% (Section 4.4.2). The approximate range for PAR concluded by 
Vainio and Partanen' is close to what the calculations in this report would be without a 
downward adjustment of the RR estimate for smoker misclhssification bias. 

Saracci and Riboli (1989), of the International Agency for Research on Cancer, review the 
evidence from the three cohort studies and 11 of the case-control studies (Tahlle 4-1). The 
authors follow the example: of the NRC and Wald et al. in the studies to: exclude, and add only 
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one additional ease-control study (Humble et al., 1987). The overall observed relative risk for 
the studies, 1.35 (1.20, 1.53), is about the same as reported by the NRC,, 1.34 (1T8; 3.53). It is 
not reported how the overall relative risk was calculated. 

4.3. APPROACHES TO RISK ASSESSMENT BASED ON CIGARETTE-EQUIVALENTS 

The cigarette-equivalents approach assumes that the dose-response cur^e for lung cancer 
risk from active smoking alko applies to passive smoking, after conversion of exposure to ETS 
into an "equivalent" exposure from active smoking: For example, suppose the average cotinine 
concentration in exposed NS is 1% of the average valhe found in peoplb who smoke 30 cig./day. 
The lung cancer risk for a smoker of (.01)30 = 0.3 cig./day is estimated by low-dbse 
extrapolation from a dose-response curve for active smoking, and that value is used to describe 
the lung cancer risk for ETS exposure. This general explanation describes the nature of the 
approach; however, authors vary in their constructed solutions and level of detail. The basic 
assumption of cigarette-equivalents procedures is that the lung cancer risks ini passive and active 
smokers are equivalently indexed by the common measure of exposure to tobacco smoke, i.e., a 
common value of the surrogate measure of exposure in an active and a passive smoker wouldi 
imply the same king cancer risk in both: 

A difficultly in assessing this approach lies in evaluating the assumption that apparent 
differences between passive and active smoking are negligible or have cross-effects that cancel. 
For example, MS and SS differ in the relative composition of carcinogens identified in tobacco 
smoke and in their physicochemical properties in general. The lung and systemic distribution of 
chemical agents common to MS and SS are affected by their relative distribution between the 
vapor and particle phases, which differs between MS and SS and changes with SS as it ages. 
Passive and active smoking also differ in characteristics of intake-intermittent (possibly deep) 
puffing in contrast to. normal (shallow) inhalation To help illuminate relationships and identify 

4-15 05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffbl0000 


ocezssvzoz 



DRAFT-DO NOT QUOTE OR CITE 


parameters where additional information would'be helpful on this topic, a mathematical mode! 1 
for comparison of dosimetry of passive and! active smoking was constructed as ai basis for 
further study (Appendix C); 

Several authors have taken issue with the validity of the cigareue-eqpivalents approach. 

For example, Hoffmann et ah (1989), ini discussing the longer clearance times of cotinine from, 
passive smokers than from active smokers, concludes "The differences in the elimination] time of 
cotinine from urine preclude a direct extrapolation of cigarette-equivalbnts to smoke uptake by 
involuntary smokers." A recent consensus report of an 1ARC panel of experts (Saracci, 1989; 
p.3) states that "Lacking knowledge of which substances are responsible for the well established 
carcinogenic effect of MS, it is impossible to accurately gauge the degree of its similarity to ETS 
in respect to carcinogenic potential.” The U.S. SG report dbvotes a three page section to the 
concept of cigarette-equivalents, quantitatively demonstrating how they cam vary as a measure of 
exposure (U.S. SG, 1986). It concludes with "These limitations make extrapolation from 
atmospheric measures to cigarette-equivalents units of disease risk a complex andi potentially 
meaningless process." On a lesser note, it has generally been assumed that the dose-response 
relationship for active smokers is reasonably well understood. Recent literature raises some 
questions on this issue (Moolgavkar et ah, 1989; Gaffney and Altshuler, 1988; Freedman and 
Navidh 1987ci, 1987b; Whittemore, 1988): 

The cigarette-equivalents approach has some important limitations, due in large part to 
limited knowledge regarding similarities and differences between passive and active:smoking and 
how to adjust for them in a risk assessment. Legitimate reservations not withstanding, virtually 
all analytic approaches bear some assumptions and weaknesses, and most contribute something 
to our understanding.. Further dbvelbpment of the cigarette-equivalents approach and the 
knowledge base surrounding it may be worthwhile. Three new methods akini to cigarette- 
equivalents approach are described in Appendix; D: with comments and advice solicited. Several 1 
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published examples of the cigarette-equivalents approach follow. Although a risk assessment 
based on the epidemiologic data is preferred in this report, it is worthwhile to consider the 
spectrum of methods and approaches that have been tried. 

Vutuc (1984) estimates that exposure of passive smokers to cigarette smoke is equivalent 
to 0.1 to 1.0 cig./day actively smokedi This relationship follows Repace and Lowrey (1980); 
except that Vutuc adjusts their figures to apply to a cigarette with tar content of 16 mg instead 
of 0.55 mg, as assumed by Repace and Lowrey. For the smoking situations indicated by Repace 
and Lowrey, who found passive smoking equivalfent to actively smoking 5 to 27 cig./day.,. Vutuc 
obtains an equivalent of actively smoking 0.2 to 1.0 cig./day. 

Citing cigarette-equivalents calculated in other sources, Vutuc assumes a range of 0;1 to 
1.0 cig./day for ETS exposure. Relative risks for nonsmokers are calculated for 10-year age 
intervals (40 to 80) based on the reported relationships of dose, time, and lung cancer incidence 
in Doll and Peto (1978). Relative risks for smokers of 0.1 to 1.0 cig,/day give a range in relative 
risk from 1.03 to 1.36. The author concludes that "As it applies to passive smokers, this range of 
exposures may be neglected because it has no major effect on lung cancer incidence." As 
observed by the author, however, the influence of ETS on lung cancer incidence becomes more 
marked in the higher age groups, where the carcinogenic effect of tobacco smoke is strongly 
influenced by the duration of exposure. From Vutuc’s Table 1, the increase in' incidence (per 
million) in lung cancer for a smoker of one cig./day is 270 at age 79, 130 at age 70, 40 at age 60, 
etc. These values of risk slightly exceed the acceptable levels typically used by the EPA and 
other regulatory agencies in setting standards for pollutants under their authority.. 

Vutuc assumes that his figures apply to both makes and females. If an exposure fraction 
of 75% is assumed for both males and females, the range of relative risks given correspond to a 
range for population-atlributablfe risk. The number of LCDs among NS in the U.S. in 1988 is 
about 6500 females and 3000 males (personal communication from the ACS). The number of 
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LCDs in NS attributable to ETS is estimated to range from 240 to 2020 (140 to 1380 for females 
alone). So Vutuc’s figures are consistent with several hundred excess LCDs among NS in the 
U.S. These figures are from our extension of Vutuc-s analysis, however, and are non the clkim 
of the author. 

Methods 2 and 3 of Robins.(NRC, Appendix D) are constructs of the cigarette-equivalents 
approach. In both methods, a range of values is reported corresponding to a range of unknown 
parameter values. Method 2 uses an overall relative risk value based on epidemiologic data, but 
also makes some assumptions to appeal to results of Day and Brown (1980) and Brown and Chu 
(1987). on lung cancer risk in active smokers. The author estimates the number of excess LCDs 
due to ETS, assuming 7000 and 5200 annual LCDs in female and male NS, respectively. 
Adjusting his results to 6500 females and 3000 males (for comparison purposes), the range of 
excess LCDs attributable to ETS is 1650 to 2990 for females and 420 to 1120 for males. 

Robins’ Method 3 ignores the epidemiologic data on passive smoking entirely and 
extrapolates front data on active smoking, along with several assumptions. Applying his results 
to 6500 females and 3000 males, the range of excess LCDs due to ETS is 550 to 2940 for 
females and 153 to 1090 for males. 

Arundel et al. (1987) attribute only five LCDs among female NS to ETS exposure. The 
corresponding figure for males is seven (both figures are adjusted to 6500 females and! 3000 
mates). The expected lung cancer risk for NS is estimated by downward extrapolation of the 
lung cancer risk/mg of particulate ETS exposure for CS. Their premise is that lung 
carcinogenicity of ETS is entirely attributable to the particulate phase of ETS, and the 
consequent risk in passive smoking is comparable to active smoking on a per mg basis of 
particulate ETS retained in the lung. If the vapor phase of ETS w'ere also considered, the 
number of LCDs attributable to ETS would likely increase. 
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Russell and coworkers (1986); use dkta on urinary, nicotine concentrations in; smokers; and ! 
nonsmokers to estimate exposure and risk from passive smoking. The risk of premature dbath 
from passive smoking is presumed; to he in the same ratio to premature death 1 in active smokers; 
as the ratio of concentrations of urinary nicotine in passive to active smokers (about 0.007). 
Calculations are madk using vital statistics for Great Britain and then extrapolated! to the Unite - 
States. The latter estimate, 4000-H deaths/year due to passive smoking, is for all causes of 
dbath, not just LCDs. 

Repace and Lowrey (1985) describe a cigarette-equivalents approach as welt as the 
procedure described previously. One objective is to provide an assessment of exposure to ETS 
from all sources that is more inclusive and quantitative than might be available from studies 
based! on spousal smoking. They consider exposure to ETS bothr at home and 1 ini the workplace, 
using a probability-weighted average of exposure to respirable suspended particulates (RSP) in 
the two environments. Exposure values are derived from their basic equilibrium model relating 
ambient concentration of particulates to the number of burning cigarettes per unit volume of air 
space and to the air change rate. From 1982 statistics of lung cancer mortality rates among 
smokers and their own previous estimates of daily tar intake by smokers, the authors calculate a 
lung cancer risk for active smokers of 5.8 X 10^ LCDs/year per mg tar/day per smoker of lung 
cancer age. The essential assumption linking lung cancer risk in passive and active smokers is 
that tobacco tar inhaled poses the same risk to either on a per unit basis. Extrapolation of risk 
from exposure levels for active smokers to values calculated for passive smokers is accomplished 
by assuming that dose-response follows the one-hit model for carcinogenesis. An estimated 555 
LCDs per year in U.S< nonsmokers (NS and FS) is attributed to ETS exposure (for 1980): The 
ratio of total LCDs in 1988 to 1980! is approximately 113:7' (Repace, 1989). With that population 
adjustment factor, the approximate number of LCDs attributable to ETS among nonsmokers is 
closer to 760 fbr 1988 (including FS), 
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The potential fon bias due to misreported smoking habits was apparently first noted by 
Lee (see discussion in Lehnert, 1984), and has been emphasized by himi ini several articles, e.g. 
Lee (1986, 1987a, 1987HF In Lee (1987b), it is argued that smoker misclhssificatiiom may explain 
the entire excess lung cancer risk observed in self-reported NS in epidemiologic studies. A 
hypothetical! example is first provided to the reader to illustrate that if 5% of reported 
nonsmokers;are actually smokers, and the relative risk of lung cancer of smokers to nonsmokers 
is 20, then a relative risk as high as 1.75 could be observed for ETS exposure to spousal! 
smoking. The example is a little misleading in view' of the discussion that follows in the article 
on the results of three separate studies aimed at measuring the accuracy of reported current 
smoking (a cotinine study), the accuracy of reported lifetime smoking (a 1980/1985 follow-up 
study), and concordance of smoking habits in married couples (a 1985 consumer study). 
("Marriage aggregation factor" in NRC [1986] and Wald et al. [1986] is a measure of 
concordance). All three studieswere conducted on British or UK subjects ages 16 and above. 
Following review of these studies, the author assumes more refined parameter values. 

The relative risk for smoking is assumed to be 10 instead of 20. The evidence suggests that 
about li.4/2.5 (56%)iof misclkssified CS may be regarded as Tegular smokers" and 1.1/2.5 ( = 
44%) as only "occasional, smokers." The relative risk of the latter is assumed to be 25 instead! of 
10. Based on cotinine measurements, 20 of the 689 self-reported NS (2.9%) are treated as CS, 9 
as occasional and! Id as regular smokers, (in the notation of Table B-l, this equates to RR(E/C) 
= 6:7)..The relative risk of misclkssified FS is assumed to be 2.0 (giving RR(E/F) = 2.0 in 
Table B-l). The;percentage of reported NS assumed to be FS is 10, equivalent to 21% of the 
(true) FS, No supporting evidence was found for the 10% figure for FS, but the follow-up study 
does provide evidence that the percentage may be lower for women than men. Applying am 
adjustment for women to the 10% and:21% figures above gives 2.8% and 7%, respectively, for 
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women. (This correction for estimation of risk to women was of little consequence toour 
calculations.) 

The remaining parameter values from Lee (19871): needed to apply, the formula; for 
adjustment to misreporting bias in Equation B1 are as follows, where the variable identifiers are 
described in Table B-2: (VI,0336), (V4,0.025; 0 011 for regulhr smokers plus 0.014 for 
occasional smokers), (V5,0:483), (V8,0.181), (VI 1,0.10), (V 16,6.7; from a RR of 10 for CS and 
2:5 for FS), and (V20,2.0). The observed relative risk for a true.value of one from Equation B1 
is 1,18: With the correction for women described, 1.18 would be reduced to 1.16*= These values 
are close to what the NRC report and Wald et al. calculated for an expected value of the 
observed relative risk when the true value is one. The excess above one is the anticipated 1 bias 
for smoker misclassification. 

Assuming that the parameter values specified above accurately reflect the author’s 
description, the method of adjusting for misclassification detailed in Appendix B (adapted'in 
principal from Wald et al. [1986] and the NRC [1986]) does not support the claim that self- 
reported misclassificationi would fully account for the excess risk of king cancer observed in the 
epidemiologic d4ta. The lower 95% confidence limit on the overall summary observed relative 
risk of 1.40 is 1.25, and the 99% lower limit is 1.21, still above the range potentially explained by 
the misreporting of smoking habits alone. 

The study results discussed by Lee for setting parameter values need to be included in the 
larger pool of related information and study evidence available, particularly for inference on 
U.S. women of age 35 + . It appears likely that there are sex-related differences in rate of 
misreporting, and possibly in other parameters. Age may be a factor. It has not beem indicated 
whether persons of ages 16 to 30, too young to be included in epidemiologic studies, are 
representative of the older age groups in terms of rates of misreporting and other factors. When 
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only 20 out of 808 reported nonusers of tobacco are reclassified as CS (ll 1 as regular users.at a 
relative risk of 10 or so),, a few subjects may have a large impact on, the outcome. 

Several further observations on this article may be noted! it is concluded that the overall 
observed relative risk from spousal smoking to ETS can be explained as bias due to probable 
overstatement of the number of reported NS. It would follow that the true excess risk is zero. 
Extrapolation of risk from active smoking using average cotinine concentration in smokers and 
NS married to a smoker, however, is recommended in place of analysis of the epidemiologic 
d&ta. It is concluded that there is a positive excess risk to ETS exposed NS (1.02 for women 
and 1.07 for men). As discussed previously, values in this range cannot be regarded as 
negligible. 

4.4. CURRENT ASSESSMENT OF LUNG CANCER RISK 

The data; from epidemiologic studies currently available are evaluated for evidence of an 
elevated occurrence of lung cancer associated with ETS exposure. The methodological approach 
of Wald et al. (1986) and the NRC report are adapted with two minor modifications. The 
adjustment for relative risk of ES is calculated by its separate components (CS and' FS). The 
second modification is to distinguish between parameter values for ’‘reported’ 1 and "correct” 
classifications. Some parameter estimates depart from values used 1 by the NRC, largely 
reflecting more current evidence and information available in some areas (Section 4!.4.2), The 
most significant difference in parameter values is probably in the relative risk of active smoking. 
The value of eight assumed by the NRC is replaced by 12 (from the ACS’s Study CPS-II, as 
reported! im U.S. SG [1989]). Following the adjustment to an overall relative risk estimate for 
misclassification, a further adjustment is made to account for background exposure, iie., for 
exposure to NS aside from spousal smoking: the dominant measure in the epidemiologic studies 
to distinguish between exposed andi unexposed subjects. 
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The twice-adjusted RR estimate is combined with the percentage off the population 
exposed to ETS to obtain an estimate of the population-attributable risk (PAR), the proportion 
of LCDs in female NS of age 35 and older attributable to ETS exposure. UJiper and lower 
confidence limits,on the PAR are determined. These limits are conditional on the population 
exposure percentages assumed. Multiplying the PAR by the number of LCDs in never-smoking 
women in 1988'estimates the excess number of LCDs attributable to ETS. 

In. the final section of this chapter the population-attributablb risk is calculated separately 
for each of the 19 case-control studies with data available and the three cohort studies,, using the 
exposed fraction of controls from each: study in the calbulations. The ordered outcomes provide 
a basis for reviewing similarities/dissimilarities between studies, such as the country of origin 
and other study characteristics shown in Chapter 3. Although it is likely that the true 
differential in ETS exposure for subjects classified as exposed or unexposed is relatively higher 
ini some sampled human environments than others (probably higher in Japan, for example, as 
discussed by Hiravama and others), comparison of outcomes with study characteristics did not 
reveal any apparent patterns or study characteristics associated with the findings. 


4.4.1. Combining Evidence Across Studies 

The overall relative risk estimate for case-control studies is determined by the extended 
Mantel-Haenzsel procedure. The M-H method was applied to case-control studies in Chapter 3 
to test for an association between ETS and lung cancer. This same method is now applied to 
the raw data of case-control and cohort studies to obtain an overall estimate of RR and 
confidence interval. The procedure used in. the NRC report (1986, Appendix B) is basically this 
same method (Yusuf et al, 1985). The method of combining cohort studies, and then obtaining 
an overall value for case-control and cohort studies together, follows the NRC procedure. 
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The case-control studies included in the analysis and their observed relative risks from raw 
data are in Table 4-1 (also see Table 3-5). Two studies, SHIM and VARE are excluded because 
the raw data were not available. The overall estimate of relative risk for the 19 case-control 
studies and three cohort studies in Table 4-1 is 1.41 (95% CI. Il26, 1.57). This value may be 
compared to 1.32 (1.16, 1.51) in the NRC report for females (three cohort studies and ten case- 
control studies), and to 1.50 (1.3, 1.8)i determined by Wells (1986) fromi three cohort studies and 
14 case-control studies. The shortest confidence interval is for the analysis of this report, 
indicating that the additional studies since the NRC report have reduced the statistical 
uncertainty in the estimated RR as would be anticipated. The higher estimate of relative risk in 
Wells’ analysis is largely due to the choice of studies. The study designated as CHAN, reporting 
a relative risk value of only 0 j 75, was excluded by Wells but was included in the NRC report and 
in our analysis. 

The summary RR of 1.41(1.26, 1.57) in this report is from the combined values of 1.42 
(1.24, 1.63) for 19 case-control studies and 1.39 (1.15, 1.67)ifor three cohort studies. These 
figures are almost identical, so the results of one type of study reinforce the outcome from the 
other type. The consequence of combining the two summary outcomes is essentially just to 
shorten the confidence interval which is equivalent to reducing the standard error of the 
estimate of RR. For U.S. studies alone,, the RR is 1.25 (1.03,, 1.52), the combined RR from 
seven case-control, studies is 1.34 (1.00, 1.79), and GARF(:coh) is 1.18'(i(D.9(), 1.54). 

Adjustment for smoker misclassification, using the method and parameter values described 
below,, reduces the overall observed relative risk of 1.41! (1.26, 1.57) to: li.28 (1.12, 1.45)i 
Modification! for background exposure to ETSraises.it to 1.4!Si(: 1.21, 11.87);. The NRC 
committee, with eight fewer case-contirol studies, obtained an overall! summary value of 1.34, 

( 1.18. 1.53) for both'men and women that was adjusted to 1.25 (withi F.15 to 1.35 possible)! for 
misclassification. and then to 1.42 (’’ranging" from 1..24 to lL61);for background exposure. The 
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valbes for women alone should be: only-slightly lower judging from the initial overall relative risk 
of 1.32 for women. 


4.4.2., Adjustment To Relative Risk for Smoker Misclassification 

The reduction formula, for misreporting current smokers (CS) and former smokers (FS) a:, 
never-smokers (NS) is described in Appendix B. The general equation (Bli) is: accompanied hy. 
a description of parameters in Tables B-L and B-2. Alternative specification of parameters in 
terms of "reported 1 'and "correct” values is sometimes useful. The algebraic relationships for this 
conversion are shown in Table B-3: The description of parameter values used to adjust for 
smoker misclassification in this report foliows, with 1 variable identifiers in parentheses for use 
with Table B-2. 

The percentages:of reported CS, FS, and NS are 21.3,,24.0* and 54.7; respectively (;VI2, V17, 
V15). These values are obtained! from the ACS’s study CPS-11 (Stellman and Garfinkel, 1986) 
except that 3% of the reported "never-smoked regularly” (56.4%) were reclassified as FS, leaving 
54.7% estimated NS (see footnote d, Table 2, of U.S. SG [1989]^. The NRC report and Wald et 
al. (1986)i use 25%, 15%, and 50% for CS* FS, and NS, respectively, from a study of smoking 
habits in the U,K. 

The percentages of reported NS whoiare misclassified as CS and FS are 2 (1.5, 2:5)iand 4 
(2,,6);, respectively (;V-1, V2), where the parenthetical values, denote a reasonably.range. Wald et 
al. describe evidence tO'support values of 1.6%. and 4.9% for these parameters respectively: Lee 
(1987b) makes a case for 2.5% (1.1% for regular smokers and 1.4% for occasional smokers) and 
assumes 10% for misclassified! CS and FS, respectively (both males and females.)! Adjusting the 
10% value to reflect a lower rate of misreporting 1 by females (Lee, 1987b) would make it 2.8%. 
Cummings (1989b) found that six subjects of a; total 669 (1%) reported NS and FS were 
misreported CS (urinary cotinine above 90 mg/dL). Jarvis et al. (1984/ found that 21i of 12 li 

4-25 05/17790: 


Source: https://www.industrydocuments.ucsf.edu/docs/ffbl0000 


2023552340 



DRAFT-DO NOT QUOTE OR CITE 


reported nonsmokers (17%) were CS based on biochemical markers. This very high rate was 
found among elderly patients attending clinics for smoking-related disease, whose doctors had 
frequently urged them to give up smoking. 

The percentages of misclassified CS and' FS who are exposed 1 (married to a smoker) are 
both 82 (71l, 92) (V5, V6). These values correspond to an exposure percentage of 60 (45, 75) 
(V4);for reported 1 NS, and a marriage aggregation factor (MAF) of 3.07 for females (from Lee, 
1987b)i (The MAF is the ratio of cross-products, i.e., the odds ratio, in a 2-by-2 table of 
smoking status of subject by smoking status of spouse. The MAF is assumed to be the same for 
NS compared with either CS or FS). Table 12-7 of the NRC gives MAF = 3.1 for females, a 
value communicated from Wald et al. The NRC report considers values of 2.5, 3.5, and 4.5; 
withi 3-4 likely. 

Evidence suggests that CS and FS who are misclassified as NS are likely to be only light 
smokers and that misclassified FS have typically stopped smoking several years previously (Wald 
et all, 1986). Estimates of relative risk for CS and FS (females) are 11.94 (9:99, 14.26) and 4.69 
(3.86, 5:70) for 1982-1986 (ACS’s CPS-II Study, as reported in U.S. SG [1989]): Our report 
assumes the relative risks of misclassified CS and FS are 5.95 (5.0, 7.15) and 2.97 (2.7, 3:86)' 

(V7, V8), respectively (discussed and compared with other sources below). If exposed; the 
values are incremented by the excess risk from exposure to ETS (1-V(9)) to obtain variables 
V10 and Vll. (Technical Note: Equation (Bl) is implemented by setting a value for V(9) along 
with other parameters to obtain a corresponding value of RRO. To find the value of RRM that 
corresponds to a specific value of RRO may require a few iterations from the starting point 
chosen for RRM.) 

Parameter values for the RR of CS and FS misreported as NS have been determined! ini 
other sources from the information available for the relative risk of smokers and FS in general: 
To compare our parameter values of the RR for CS and FS misclassified! as NS with those of 
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other authors, their formulas for reducing the RR of CS and FS who are misreported NS have 
been applied to the RR figures from the CPS-II survey given above. For miselassified CS, the 
results are—NRC (1986V the range from 3.0 to 6.0; Wald et al. (1986): 3.8(3.3, 4.3): Wells 
(1988):- 4.6(4.0, 5.4); and Lee (1987b): 8.0(6 7, 9.6). Alb but the- lkst' entry-are below the value 
6:0(:5.0, 7.2) in this report. For miselassified FS, the figures in. these sources would be-.NRC: 
the range from 3.0 to 6.0; Wald et al.: L9(1.8, 2.1); Wells: 1.9(1 . 8 ,. 2.1); Lee: 3.0(2.5, 3.6) The 
last entry is comparable to 3.0(2.7, 3.9) of this report. 

4.4:3. Parameter Sensitivity 

For the parameter values described above for this report, a true relative risk of 1.00 
corresponds toan observed relative risk of 1.14, a 14% inflation due to smoker 
misclassification: For each of the parameters with a range of input values (shown in 
parentheses), the lower and upper values in the parentheses were also applied, leaving the other 
parameter values fixed. The marriage aggregation factor varied between 2.0 and 4.0 as well. 

The observed relative risk did not exceed 1.19. The 95% lower confidence limit onithe overall 
observed relative risk from the epidemiologic data is 1.25, still well'above the likely range 
explained by misclassification. (The 99% lower confidence limit is approximately 1.21', still 
above the explainable range). Only one parameter was set at an extreme value at one time in 
the sensitivity testing, and it is not improbable that some combination of parameters chosen this 
way w'ould produce a value exceeding 1.25: But the observed risks from the epidemiologic data: 
appear unlikely to be explained by misclassification alone, and no single parameter within a; 
plausiblfe range alters that conclusion. 
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4.4.4. Adjustment to Relative Risk for Background Exposure 

The relative risk of ETS in epidemiologic studies is relative tor the baseline risk of a 
female NS married to a nonsmoker, who still has some background, Ibvel of exposure to ETS. 

Some assumptions are required to approximate the lung cancer risk dlte Ur background exposure 
to ETS. A means of estimating the proportion of total ETS exposure that is.due to background 
in an exposed individual (actually exposed to background and to spousal smoke) is needed: The 
NRC report compared average cotinine concentrations in exposed and unexposed persons. 
Assuming that lung cancer risk front' passive smoking is linearly related to cotinine 
concentrations at these low doses, lung cancer risk of passive smoking can be estimated at the 
higher exposure level (background plus spousall smoking, applicable to an exposed person); and 
at the lower exposure level (background only; applicable to an unexposed: person), with both 
estimates relative to the risk of lung cancer risk from zero exposure to>ETS. 

Background ETS appears to constitute about' one-third of the total ETS exposure of a NS 
married to a smoker, if cotinine concentrations are used as an indtex of total exposure. The 
ratib of average cotinine concentrations in exposed! to unexposed married NS is assumed to be 
three in the NRC report, based on evidence from Wald and' Ritchie (1984). The Wald and 
Ritchie study applies to men, but Lee (1987b) reports a ratio of 1/.3 (:= 3.3) in women and' 
Coultas et al. (198b) report a ratio of 3.41/1.45 (= 2.35) from saliva cotinine levels in a 
population-based survey of Hispanic subjects in New Mexico. Three is used in this report (X = 

3 in Equation'B2); albng with the assumption that cotinine is.ai constant multiple of the 
carcinogenic potency of ETS at low doses. Applying'the method used by. the NRC (Appendix B 
of this report); to take background exposure into account changes the overalll RR estimate 
adjusted!for misclassiiication from. 1.28,(1.12; 1.45) to 1.48 (1.21, 11.87) for female NS. It should 
be noted that the meaning of RR is changed! with this adjustment-from meaning relative to the 
risk from background ETS to meaning relative to the risk at zero-ETS exposure. (Note: There 
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is: an important distinction between the use of cotinine as. a surrogate dose for ETS to estimate 
lung cancer risk from background, exposure audits use in the cigarette-equivalents approach 
(Section 4.3): In the latter, the contention centers around the assumption that cotinine (or 
anything efce, such as respirable suspended! particles): is an equivalent dose surrogate for both 
passive and active smoking, i.e., that equivalent uptake in passive and active smoking implies 
equivalent carcinogenic risk.) 

4.4.5. PopulatiomAttributable Risk and Excess Lung Cancer Deaths 

The number of LCDs in U.S. femalfe NS in 1988 is estimated to be 6500 (3000 for male 
NS). The 6500 figure includes both married and unmarried NS. The ACS’s CPS-II Study 
(reported in Stellman and Garfinkel, 1986) percentages for marital status of all women surveyed! 
(not just NS) are: married, 75.3!; divorced 5.1; widowed, 14.6; separated, 0.8; and single, 4.2. 

Our estimates of risk apply to married female NS, about 75% of female NS, so it is necessary to 
consider exposure to ETS in the remaining 25% of unmarried NS. 

Cummings (1989b) obtained urinary cotinine levels on a total of 663 seif-reported! NS and 
FS. The cotinine levels were only slightly higher in males than females (9:6 and!8.2 ng/mL, : 
respectively), and slightly more than half of the subjects were females. The average cotinine 
level! (in ng/mL) was 10.7 for married subjects if the spouse smoked and 7.6 otherwise (all units 
ini ng/mL). Interestingly, the average cotinine levels reported by marital status are: married, 
8.3; never married, 10.3; separated, 11.8; widowedi 10.4:; and divorced, 9.2: The study, which 
includes 7% of age 18 to 29 , and 47% of age 60 to 84, does not claim to be representative. 
Nevertheless, the results suggest that in terms of ETS exposure, an unmarried NS is probably 
closer, on average, to a NS married to a smoker (an exposed person); tham to a NS married to a 
nonsmoker (an unexposed! person). This observation is also consistent with the findings of 
Friedman et al. (1983). : - ■■ : ^3), 
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The percentage of married female NS who are married to smokers is assumed to be 60, 
with a plausible range of 45 to 75' (Section 4.4.2.)t The choice of exposure percentages is based 
on the distribution of values observed in the epidtemiologic studies (Table 3-2 and! Figure 3rl). 
From, the discussion of exposure to unmarried female NS above, it is reasonable to assume that 
exposure to ETS, on average, is at least as large as the sum of 60% of the higher exposure level 
(fnomi spousal smoking plus background) and! 4(1% of the lower exposure level (background 
alone) experienced by a married female NS. For the calbulations needed from these figures, this 
assumption is equivalent to treating unmarried and married femalb NS alike, in terms of 
exposure to ETS (60% exposed at a level equivalent to spousal smoking plus background and 
40% exposed at the background level), Alternatively, average exposure in the population of 
female NS (including marrieds and unmarrieds) is assumed to be at the background level plus 
60% of the exposure from spousal smoking, The percentages assumed by others in the 
literature have varied: 82 (Lee, 1987b), 76 (Wells, 1988), 59 (Wald et al., 1986), and 17 (NRC, 
1986): The NRC percentage was taken from a sample of urinary cotinine bioassays appearing in 
Wald and Ritchie (1984). The 17% figure is likely much too Ibw to be representative of the 
population of interest. 

The population-attributable risk (PAR), for women is the proportion of LCDs in female 
NS per year associated with exposure to ETS. Multiplying it by the total number of LCDs in 
female NS gives the number of excess LCDs per year from ETS exposure, i.e., the number 
attributable to ETS exposure. For calculation of PAR in this report 1 , the percentage of NS 
exposed to: ETS is assumed to be the same for marrieds and unmarrieds (60% as discussed 
above): The PAR for the 60% assumption, in women is 0:27 (95% C.I. 0:14' 0.41). (Technical 
Note: The calbulations are from Equation B3 with P(E/N): = 0.6, RRM = 1.28 and RRB = 

1.48. The confidence interval is calculated by using the upper and lower confidence bpundk for 
RRM and RRB in Equation: B3. The confidence interval is conditional on the exposure 
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percentage of 60%). Multiplying the PAR by 6500: the number of LCDs in female NS im 1988, 
gives 1750 (910, 2660) estimated LCDs in female NS in 1988, The number of LCDs in male NS 
is probably about one-half the number of females, although the evidence for males is scant in 
comparison to females. The available diua indicate that the risk to male NS is not likely to be 
smaller than fori female NS. Applying the PAR value of 0.27 to the total 1 number of LCDs in 
male NS (3000), gives an estimate of 810 1 LCDs per year in male NS due to passive smoking, 

For both sexes combined; the annual number of LCDs in NS attributable to ETS exposure is 
about 2500, with a range of 1300 to 4000. 

A figure for FS also needs to be included ini the estimate of LCDs attributable to ETS 
since they constitute a lhrge segment of the population Repace and Lowrey (1985) and Wells 
(1988b) estimated the risk to FS. Sandler et al. (1985) and Geng et al. (1988); found, 
respectively, an increased total cancer risk and an increased lung cancer risk in active smokers 
as a result of passive smoking. Sandler et al. found 1 that relative to active smokers who had no 
other smokers at home, smokers who had one, two, or three or more smokers at home had 
increased! risks of (total) cancers of 40%; 120%, and 160%, respectively. To calculate the annual 
number of LCDs in, FS attributable to ETS, RR is assumed to be the same for FS and NS. The 
figure calculated for FS is 1260 (540 women and 720 men); making the yearly total of LCDs 
attributable to ETS approximately 3800. Data on the number of FS in the LJ.S. population and 
the calculational details are included in Appendix B. 

The 3800 figure is based oma population exposure percentage of 60, the mid-point in a 
plausible range of 45% to 75 %j The results, however, are not very sensitive to the exposure 
percentage. If 45% (75%); is assumed instead of 60% in the preceding calculations, then the 
yearly total of LCDs attributable to ETS is approximately 3500 (4100) instead of 3800. This 
range, 3500 to 4100, corresponds to the plausible range of the exposure percentage, 45%'to . . 

75 %, for the estimate of RR after adjustment for misclassification (RRM = 1.28) andicorrection 
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for background! exposure to ETS (RRB - 1.48). The RRM and RRB figures are based!on the 
epidemiologic studies of female NS married to smokers and the simple linear model using 
cotinine concentrations to account for background! exposure to ETS. Ninety-five percent 
confidence intervals are available for the population values of RRM and RRB, given by (1.12, 
1.45) and (1.21, 1.87), respectively. Calculating PAR from the low (high) value of the plausiblb 
range of exposure percentages, 45% (75%), and low (high) values of the 95% confidence 
intervals for RRM, 1.12 (1.21), and RRB, 1.21 (,1.87)j provides estimates that' are probably too 
low (high). Using these values to recalculate the population risk provides numerical markers for 
low and high extremes of the estimated number of LCDs due to ETS. These markers are 
approximately 1800 and 6100. 

In summary, the estimated total number of LCDs per year due to ETS exposure is 3800. 

It is approximately the sum of estimates for NS females (1750), NS males (810), FS females 
(540), and FS males (720), assuming a 60% exposure rate. Using the lower (upper) confidence 
limits for RRM and RRB and the lower (upper) end of the plausible range for exposure 
percentage gives approximately 1800 (6100) total LCDs per year due to ETS. These low (high)' 
totals consist of NS females 820 (2800), NS males 380 (1290), FS females 250 (860), and FS 
males 330: (i 1150). Characterization of the population risk is based on data for female NS from 
22 epidemiologic studies of varied design and protocol conducted in numerous Ideations under 
ordinary environmental conditions. Extension of! these results to the population of all U,S. 
nonsmokers is not without uncertainty^ but is probably conservative. It is unlikely that the true 
number of LCDs per year in U.S. nonsmokers lies outside the interval defined by the two 
extreme values, 1800 and 6100. 

4.4.6; Adjusted Relative Risk and Population-Attributable Risk by Individual Study 

The estimates of RR for lung cancer from ETS exposure have been statistically combined 
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to give an overall estimate and confidence interval. The overall observed value (RRO) was 
adjusted for possible misclassification (;to be called RRM) and for background exposure to ETS 
(to be called RRB). The latter "correction" was to make the risk estimates relative n* zero- 
exposure. 

Combining results from all studies increases the statistical power to detect an exposure 
effect on lung cancer. Aside from weighing each study’s results according to a measure of 
statistical uncertainty (influenced but not solely determined bv sample size), studies are treated! 
as if they were qualitatively equivalent and as if the "true" RR were the same in all 
environments studied. Qualitative differences exist in all studies, but there is little basis for 
quantifying them. The true values of RR being estimated depend on both the study desigm and 
protocol. Culture, environment, and life-style would influence inter-study differences. In 
particular, one might expect these factors to contribute to inter-country variability in the 
epidemiologic data. To extract this source of variability statistically would require multiple 
studies, similar in design and execution, from each country. Although there is more than one 
study from several countries among those analyzed (China [2][ Hbng Kong [4], Japan [2]l 
Sweden [2], UiS. [8]), the studies are not sufficiently similar within countries to test variability. 

In particular, there is considerable dissimilarity between the U.S studies, and this probably 
contributes to their wide ranging results. 

The observed relative risk from each study is adjusted for misclassification'and 
background rate and! the PAR is calculated to evaluate the dissimilarity of! results. The 
percentage of exposed NS for a study is taken from the observed percentage among controls of 
the study (Table 3-2 or Figure 3-1). The exposure percentages for CS and FS are then 
calculated assuming a marriage-aggregation factor of 3. The same exposure parameters are 
used in both the calculations of misclhssified 1 smokers and the population-attributable risk. 

By using 95% confidence limits on the RR estimate for each study in the calculations, 
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limits are obtained for the PAR. Interpretation of! these limits is conditional om the percent 
exposed, which is a random variable. Aside from the exposure percentages described above, the 
values and! method! of calculation are the same as used previously in Section 4.4. The results of 
adjusting each study s observed relative risk for misclassification are shown in Table 4-2. 
(Technical Note: The overall observed RR, denoted by RRO, is corrected for misclassification 
(RRM) and!then for background exposure (RRB). The excess RR for background exposure is 
approximately RRB - RRM, which applies to all NS. The additional excess risk to the 
proportion of NS exposed to ETS equals RRM-1.) A minus sign (-) in Table 4-2 indicates that 
the observed excess risk after adjustment for misclassification is negative, i.e., the adjusted RR 
< 11 The adjustment for misclassification decreases as the observed relative risk increases and 
is treated as negligible for values above 2.5. The observed value that would correspond! to a true 
RR of one was also calculated for each study. These range from 1.12 (BUFF) to 1.22 (BROW), 
and 1 cluster from 1.13 to 1.16. The excess risk from background exposure to ETS shown in Table 
4-2 was arbitrarily limited! to 0.2. When the excess risk after adjustment for misclassification is 
zero, a correction for background is not appropriate. The values for PAR have associated 
confidence intervals predominantly with a lower limit of zero (the minimum) and an upper limit 
in. the range 34% to 75%. Exceptions include the case-control studies CHAN and TRIC, and' 
the cohort study H1RA, with percentages of (O' 13), (3,58); and (14 49)4 respectively. 

The estimates of PAR and their upper confidence limits are rank-ordered, in Table 4-3. 
Probablb values are shown for three studies in which the calculation could not be made due to 
insufficient data. The studies with a zero estimate of PAR were reviewed to see if some 
common characteristic might be apparent. Remarks about some of those specific studies follow. 
The studies with amestimate of zero PAR will]seire to indicate some possible sources of 
disparity im results across other studies as well. 

WU includes only patients with adenoma (ADC) or small cell carcinoma (SCC) of the 
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lung in their case groups. Their results overall are somewhat ambiguous regarding ETS 
exposure, which the authors attribute to the lesser etiologic role of ETS for ADC compared to: 
SCC. The number of SCC observed, however, was too smalllto warrant quantitative 
comparisons. Of 29 ADC cases, 12 are bronchoalveolar cell carcinomas, which. Correa et al. 
(1983) found to have only a weak association.with passive smoking. GILL(Coh) reports that 
insufficient time had elapsed since completion of the recruitment phase of their cohort study to 
observe a sufficient number of cases to allow firm conclusions. Only six instances of lung cancer 
in exposed females had occurred. In BUFF, exposure refers to having ever lived with a 
household member who smoked regularly. Exposure is not limited to spousal smoking, nor to 
any relative time-frame for duration of exposure. This broad definition of exposure possibly 
includes subjects who experienced little total exposure from ETS over the past 20'to 30 years. 
The high percentage of female controls exposed to ETS (84%) leaves a relatively small 
percentage of unexposed subjects. 

KABA is one of the smaller studies in this report (24 cases and 25 controls, total). 
Exposure refers to current or past smoking of a spouse. SHIM, listed in Table 4^3 as a 
"probable O" found no association between risk of lung cancer and smoking by husbands, 
fathers, siblings, or coworkers. A high correlation was observed, however, with smoking by the 
father-in-law (p < 0.005), which the authors describe as plausible in the Japanese society (see 
Appendix A)i The unpublished study by Varela (1987), denoted as VARE in> this report, is 
quite large and warrants further attention. The author detects no effect from exposure to 
spousal smoking, but does find a significant increase in lung cancer incidence at a: very high total 
exposure to ETS (spouse has smoked 150 person-years, in the author’s terminology): (see Figure 
3-4); Unfortunately, the pertinent data from this study are not included in the source for this 
report: Attempts to obtain these data from the authors have been, thus far, unsuccessful. 
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TABLE 4-2: ADJUSTED RELATIVE RISKS AND POPULATION-ATTRIBUTABLE 
RISK OF INDIVIDUAL STUDIES (FEMALES) 


1 

Study 

Percent 

controls 

exposed 1 

RR adjusted 
for misclass. 1 - 
(RRM) 

Excess RR from 
background 13 
(RRB-RRM) 

Population 

attributable 

risk 1 * 5 

AK1B 

70 

1.42(-,2.62) 

0.2 (0,0.2) 

33(0,57) 

! BROW 

15 

1.35(-,5.99) 

0.2 (0,0.2) 

20(0,49) 

BUFF 

84 

- (-H 83); 

0 (0,012) 

0(0,47) 

CHAN 

47 

- (-,1-15) 

0 (0,0.08) 

0(0,13) 

CORR 

46 

2.00(-,5.20) 

0.2 (0,0.2) 

40(0,68) ! 

GAO 

74 

1.06(-,1L64) 

0.03(0,0.2) 

7(0j40) 

1 GARF 

61 

1.19(-,1.91) 

0.11(0,0.2) 

18(0,4.3) 

GENG 

44 

2.10(-,4.28) 

0.2 (0,0.2) 

41(0,62) 

HUMB 

56 

2.31 (-,6.61) 

0.2 (0.0.2) 

48(0,77) 

KABA 

60 

- (-.2.45) 

0 (0,0.2) 

0(0,52) 1 

KOO 

1 

49 

1.44(-,2.67) 

0;2 (0,0:2), 

29(0'50) 

LAMT 

45 

1.54(1,2.35) 

0.2 (0,0.2) 

31(0,45) 

LA MW 

44 

2.01 (-.3.71) 

0.2 (0,0.2) 

39(0,58) 

LEE 

68 

- (-.2-56) 

0 (0,0.2) 

0(0,56) 

PERS 

43 

1.13(0,2.09) 

0.07(0,0.2) 

6(0,40) 

SVEN 

66 

1.14(-,2.81) 

0.08(0,0.2) 

15(0;58) 

! TRIC 

43 

2.07(1.03.3.81) 

0.2 (0.02.0.2) 

40(3*58) 

wu 

63 

- (-,3.24) 

0 (0,0.2) 

0(0,62), 

HllRA (Coh) 

74 

1.53(1.13,2.05) 

0.2 (0.07,0.2) 

37(14,49) 

GILL (Coh) 

72 

- (-,4.91) 

0: (0,0.2) 

0(0,75) ■ 

GARF (iCoh) 

72 

1.05(i-,.l!.44): 

0:03(;-,0i2) 

7(0'34) 


"Values in parentheses are calculated from confidence hounds. 


' Adjustments considered negligible for valbes of 2.5 or greater. 

Minus,signs indicate a negative excess risk. 

' Values truncated at 0.2. assumed to be a reasonable upper limit on excess risk for this exercise. 
' See Appendix B, 
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TABLE 4G. POPULATION-ATTRIBUTABLE RISK BY STUDY (FEMALES) 


Country 

Study 

Estimate 

Confidence limit 

Hong Kong 

CHAN 

0 : 

13 

UiS. 

BUFF 

0: 

47 

U.S. 

KABA 

0 

52 

U.K. 

LEE 

0 

56 

i U.S. 

WUi 

0 

62 

Scot. 

GILL(C'oh) 

0 

75 

Sweden 

PERS 

6 

40 

U.S. 

GARF(Coh) 

7 

34 

China 

GAO 

7 

40: 

Sweden 

SVEN 

15 

58 

U.S: 

GARF 

18 

43 

U.S. 

BROW 

20 

49 

Hong Kong 

KOO 

29' 

50 

Hong Kong 

LAMT 

31 

45 

Japan 

AKIB 

33 

57 

Japan 

HIRA(Coh) 

37 

49 

Hong Kong 

LAMW 

39 

48 

Greece 

TRIC 

40 

58 

U.S. 

CORR 

40 

68. 

China 

GENG 

41; 

62 

U.S. 

HUMB 

48 

77 

U.S. 

VARE 1 

0 


Japan 

SHIM 1 

0 


Japan 

INOU 1 

70 1 



1 Insufficient information to calculate. Estimate shown is a guess. 
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Our remarks above pertain to studies that estimate zero attributable risk. It is easier to 
depict study characteristics that reduce the likelihood! ofi detecting an effect than to speculate 
why a study may have concluded falsely that there is an effect. A falke positive conclusion could 1 
result from an undetected causal variable that is correlated with ETS exposure. The likelihood 
of a false negative conclusion is enhanced 1 if the: sample size is small, or the study differentiates 
poorly between: exposed and unexposed!subjects. 

The cohort study in Japan (HIRA) provides,strong evidence of an increased lung cancer 
hazard! associated with ETS exposure. Consideration ol plausible confounding factors and! 
covariables has not produced ani alternative explanation, and implication of ETS as a causal 
factor is, biologically plausible. The mixed! results of epidemiologic studies in the U.S. may be 
partly due to statistical chance and study differences that affect the power to detect a lung 
cancer effect from exposure to ETS, There is also evidence to suggest that exposure 
differentials from, spousal smoking may be larger in Japan^ and possibly some other countries, 
than in the U.S. This would make a cancer-related effect more difficult to detect in the U.S. 

An estimate of U.S, PAR from evidence in Japan alone might lead to an overstatement. 
Prediction based!on the overall summary has the advantages of using all the study data while 
mitigating but not ignoring the influence of the extreme outcomes. 


4.5: SUMMARY AND CONCLUSIONS 


The overall summary RR (before adjustments) for female NS obtained by the NRC (for 
liO case-control and Tcohort studies); is 1.32(95% CL 1.1b, 1.51). The corresponding value in 
this report (for 19 case-control'and 3 cohort studies) is 1.41 (1.26, 1.57). The effect of nine 
additional case-control studies in the anaivsis of this report is to increase the RR from 1.3 to 1.4 fO 

o 

aodito reduce the width of: the confidence interval., (Bbth chamtes increase the statistical n 

co 

Tr 

significance.) The overall RRs lor the 19 case-control)studies by themselves, and for the three ^ 

Co 
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cohort studies by themselves, are nearly identical! even though the two types of epidemiologic 
studies have their own strengths, weaknesses, and potential sources of bias. The evidence from 
the U.S. studies, however, is weaker than for non-U.S. studies. The summary RR from raw data 
for seven U.S. case-control studies is 1.34 (95% C.I. 1.00, 1.79). For the 12 non-U.S. studies 
with raw' data (all but two studies), the corresponding estimate is li.45 (95% C.I. 1.241, 1.69). The 
overall summary RR for all UiS. studies (from seven case-control studies and one cohort study) 
is 1.25 (1.03, 1.52), which is statistically significant (p = 0.025 for a one-tailbd test). 

The overall RR for women NS is adjusted downward to 1.28 (95% C.I. 1.12, 1.45), using a 
modeling approach similar to that of NRC/Wald to estimate bias from smoker misclassification. 
Parameter values for the model were taken from recent sources. The adjusted estimate of RR 
is still statistically significant (p < 0.01). The parameter values also were varied over a plausible 
range (one at a time, but not jointly)^ leading to the conclusion that obsen/ed values of overall 
RR of up to 1.19 are consistent with a true RR of 1.0, i.e., could arise from misreporting bias 
alone. Although possibly substantial, misreporting bias is not sufficient to explain the entire 
excess risk associated with ETS exposure. 

Based on these analyses and following the U.S. EPA guidelines for carcinogen risk 
assessment (Fed. Reg., 1986), EPA concludes that environmental tobacco smoke is a Group A 
(known human) carcinogen. This conclusion is based on a total weight of evidence, principally: 

• Biological plausibility. ETS is taken up by the lungs and distributed throughout the 
body. The similarity of carcinogens identified in SS and MS along with the established 
causal relationship between lung cancer and smoking make it reasonable to suspect that 
ETS is also a lung carcinogen. 

• Consistency of response. The two completed cohort studies and sixteen of the 21 case- 
control studies observed a higher risk of lung cancer among the female never-smokers 
classified as exposed to ETS. Evaluation of the total study evidence from several! 
perspectives leads to the conclusion that the observed association between ETS 
exposure and increased lung cancer occurrence is not attributable to chance. 
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• Upward trend in dose-response. Oi the:two major cohort studies, the Japanese study 
(Hirayama) demonstrates a strong association between passive smoking and lung 
cancer, including an upward trend in dose-response. The upward trend is well 
supported by the preponderance of evidence in the 13 case-control; studies that 
classified data by exposure level. The Hirayama study has undergone extensive critical; 
review that led to some corrections and revisions but failed to discredit the findings. 
Differences in life-style and culture may be a factor in the Japanese study reporting a 
stronger association! between ETS and lungcancer than the American study (American 
Cancer Society)! 

• Detectable association at environmental exposure llevelis. Within the population of 
women whoiare lifelong nonsmokers, the excess lung cancer risk of those married to a; 
smoker is large enough to be observed! Carcinogenic responses are usually detectable 
only in; high exposure circumstances,, such as occupational settings or in highly dosed! 
experimental animals. 

• Broad-based evidence. The 21 case-control and three prospective studies provide data 
from eight different countries and from a w-ide variety of study designs and protocols 
conducted by many different research teams. Nb alternative explanatory variables for 
the observed association between ETS and lung cancer have been indicated that would' 
be broadly applicable across studies. 

• Effects remain after adjustment for potential bias. Current and ex-smokers may be 
misreported as never-smokers, thus inflating the apparent cancer risk from ETS 
exposure. The evidence remains statistically conclusive, however, after adjustments for 
smoker misclassification. The summary estimate of relative risk from raw data of both, 
the case-control and cohort studies is 1.41 (95% C.l. 1.26,, 1.57)i before adjustment for 
misclassification and 1.28 (95% C.l. 1.12, 1.45) afterward (p < O.Olji 

To estimate the number of LCDs: per year due to passive smoking, a; further adjustment to 
RR is made to correct for background exposure to ETS, i.e., to make the estimate relative to 
zero ETS exposure. This additional adjustment Heaves the overall RR estimate for female NS at 
1.48 (1.21, 11.87);. This same estimate is assumed for the relatively small number of male NS 
with a spouse w'ho smokes. The available data on males suggests that the risk is at least as high 
as for females. It is assumed that 60% of the population of female NS of age 35 and over are 
exposed to ETS at levels equivalent to being married! to a smoker, and that the remaining 40% 
are exposed to: an average background exposure level (equivalently, average ETS exposure in the 
population, of femalb NS is 60% of the way from the lower exposure level (from background 
ETS atone) toward the higher exposure level (from spousal smoking and background)! It is 
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estimated that about 27% (95% C.I. 14%, 41%) of annual LCDs in never-smoking women are 
attributable to ETS exposure. Applied to the ACS’s estimate of 6500 such cases in 1988, this, 
percentage equates to 1750 (910, 2660); ETS-related LCDs in never-smoking women The RR 
for male NS is likely at least ashigh as for female NS (NRC, 1986; Wells, 1988b). Applying the 
RR estimate for females to the ACS estimate of 3000 LCDs of male NS in 1988 gives an 
estimate of 810 males, making the total estimate 2560 for both sexes. 

Compared to the wealth of epidemiolbgic data on never-smokers, particularly for women 
married to smokers, the information available for estimation of lung cancer risk in FS is not 
substantial. The absolute risk is higher in FS than in never-smokers* but the incremental 1 risk 
from exposure to ETS is essentially unknown For the purpose of including FS in the 
calculation of LCDs attributable to ETS, they are assumed to have the same relative risk from 
exposure to ETS as never-smokers. Based on this assumption and data regarding the number of 
former smokers in the U.S., the estimated annual number of LCDs due to ETS is 1260 (540 
women and 720 men, as calculated in Appendix B)i Inclusion of FS brings the estimated 1 total 
number of LCDs per year from ETS to 3800. The component of this figure for married never- 
smoking females is based on the large quantity of epidemiologic data that is available. It has 
been statistically estimated with a 95% confidence internal included to indicate a range of 
statistical uncertainty. The component terms for unmarried women, for men, and for FS of both; 
sexes are less well substantiated and subject to greater uncertainty. 


4-41 


05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffbl0000 


2023552356 



DRAFT-DO NOT QUOTE OR CITE 

5: ENVIRONMENTAL TOBACCO SMOKE AND 
RESPIRATORY DISORDERS IN CHILDREN 

5.1. INTRODUCTION 

Medical, epidemiological, and experimental research of the pasti forty years has implicated 
smoking as a causal factor in an increasing array of diseases and detrimental health conditions. 

A recent workshop (Speizer, 1989) describes chronic obstructive pulmonary disease (COPD) as 
a heterogeneous group of disorders with the common element of obstructive airways disease. It 
concludes that over the last 25 years there has been a drastic and relatively sharp rise in COPD, 
particularly in men, and that much of the increase is associated with temporal trends in cigarette 
smoking. As knowledge unfolds an increasing breadth and severity of health effects related to 
smoking, the potential implications for passive smokers expand as well. 

Unlike studies testing for a link between ETS and lung cancer, only a few studies have 
used adult subjects to test for respiratory symptoms. Infants and small children generally have 
been preferred because of better study control for exposure to ETS and confounding substances 
and because of the greater likelihood! of! an observable response due to their higher 
susceptibility. Children are more susceptible to respiratory disorders because their immunologic 
and respiratory systems are immature and pulmonary function is still developing (NRC, 1986; 
WHO, 1986). Also, ’’doses 1 ’ of ETS are larger relative to their body size. Very young children 
experience prolonged exposure since they spend much of their time at home, and they are not 
exposed socially or occupationally to ETS or potential confounding agents. On the negative 
side, regular active smoking and experimentation become potential confounding factors in 
children at about age seven that may be understated by either parental or self-reporting. 

At early ages, particularly up to one or two years when study results of some health' effects are 
most consistent, in utero; exposure to products of tobacco: smoke is another potential 

5-1 05 / 17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffblOOOO 



DRAFT-DO NOT QUOTE OR CITE 


confounding variable. Finally, children are also relevant study subjects because of their 
population size. The number of American children less,than five years old living ini homes with' 
at least one smoker pohably exceeds nine million -.merican Academy of. Pediat ics, 1986:), 

As observed in the report of the Canadian Pediatric Society-(1986), the results of 
epidemiologic:surveys on the potential effects of parents’ smoking 1 on their children were initially 
equivocal because it was often asked if either parent was a smoker. Only when the mother’s 
and father’s smoking habits were considered separately did it become.evident that-the mother’s 
smoking habit was more important. It is not surprising that maternal smoking is more 
significant than paternal smoking in studies involving infants and young children. The 
predominant effect of maternal smoking, however, further complicates differentiating the 
influence of maternal smoking during pregnancy and during the postnatal period. A large study 
by Chen et al. (1988) has found increased respiratory illness in infants of nonsmoking mothers 
but with ETS exposure from other household smokers after birthi This somewhat discounts the 
role of the potential confounding effect of in utero exposure to tobacco products from the 
mother’s smoking during pregnancy. 

This chapter focuses on the evidence for an association of ETS exposure with chronic 
respiratory symptoms, acute lower respiratory illnesses, and impaired pulmonary function in 
children, with emphasis on epidemiolbgic studies that have appeared since the reports of the 
NRC. and the U.S. SO in 1986, Studies on related topics are discussed in the last section, 
including the exacerbating effects of household ETS on asthmatic children and the potential 
association of parental smoking with the prevalence of additional respiratory disorders-asthma, 
upper-respiratory-tract infections, and middle ear effusion (an indicator of chronic middle ear 
disease). 
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5.2. EXPOSURE OF CHILDREN 

Biochemical data indicating exposure to ETS are predominantlyassay results of e.otinine 
concentrations in urine, saliva, or serum. Nearly all of the studies on adverse h<- <!tfa effects, 
however, have relied on verbal reports of parental smoking or some other measuic of exposure 
Two exceptions have related health risks to cotinine concentrations. Strachan et al. (1989), who 
found a positive association between passive smoking and middle ear effusion ini seven-vear-old 
children, evaluated exposure to ETS by assaying salivary cotinine. The authors note that 
cotinine concentrations were related to the number of smokers in' the household. Schwartz- 
Bickenbach et al. (1987) observed urinary cotinine concentrations ini infants as a measure of 
exposure to nicotine and cotinine in breast milk and to nicotine in ETS. As noted by Jarvis 
(1989), the implicit assumption in utilizing cotinine concentrations as a measure of ETS 
exposure, i.e., as a dose-surrogate, to detect detrimental health effects that may be associated 
with exposure to ETS, is that cotinine concentrations are directly proportional to. the uptake of 
risk-relevant compounds in ETS. Which compounds are risk-relevant to a particular detrimental 
health effect is generally unknown, however, and uptake may vary between individuals. Cotinine 
concentration appears to be the most promising internal measure of recent exposure to ETS. 
Studies that have addressed the validity or reliability of cotinine as au indicator of exposure to 
ETS are described next. 

Jarvis et al. (1985) found saliva cotinine concentrations in nonsmoking schoolchildren, to 
be related to smoking within the family. A clear increase in cotinine concentration was observed 
across the categories (1) neither parent smokes, (2) father only smokes, (3) mother only smokes, 
andi (4) both parents smoke. Pattishall et al. (1985) measured serum cotinine in young children 
(6 to 12 years of age) and found a direct correlation with the number of smokers in the home, 
the amount smoked by the mother, and the amount smoked by others in the home. Coultas and 
colleagues (1987) surveyed salivary, cotinine levels in children and adults. Similar to the study by 
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Pattisha!! and colleagues, the major determinants ot a detectable level of cotinine in children 
were the mother's smoking, father's smoking, and smoking of other household members. 

Hondo? 1 ijnel all (10.87) found urinary cotinine to be a more sensitive indicator than serum 
cotinine among exposed children.'of day-care age. Both measures of cotinine; however, were 
significantly correlated with ETS exposure in the home as determined by levels of nicotine 
recovered from air samples and by the number of cigarette butts collected? Henderson eti all 
(1989) notes that urinary cotinine/creatinine ratios were remarkably stable in. preschoof children 
over a one-month period, and Jarvis et al. (1987) reports that cotinine measures were reasonably 
stable over one year in nonsmoking adolescent girls: The cotinine/creatinine levels of nine 
children (9 months to? 3.5 years of age); exposed to 26.4 micro-grams/m 3 of nicotine from SS 
peaked at 4 hours and the elimination half-life was 29 hours (Goldstein et aL, 1987). Greenberg 
et al. (1989) studied a representative sample of 433 healthy neonates in central Nbrth Carolina. 
Sixty-four percent lived in households with smokers or had contact with nonhousehold smokers. 
Urinary cotinine was found in 60% of all study infants. Seventy-five percent of smoking mothers 
smoked near their infants. The amount smoked ini the infants' presence was the most significant 
correlate of cotinine concentration. 

The cotinine studies clearly demonstrate uptake, metabolism, and systemic distribution of 
ETS in, infants and implicate mothers' smoking as a principal source of exposure in their own 
children. There are indications of substantial host-related differences in cotinine concentrations 
among children, i.e., in experiments with controlled exposure to ETS, cotinine concentrations 
vary between individuals experiencing the same airborne concentration of ETS. Benowitz and 
Jacobs (1984) reported similar results for studies of cotinine in adults: To our knowledge, no 
researchers have estimated the component of variability due to inter-individual differences of 
absorption and metabolism in studies comparing cotinine levels with airborne concentrations of 
SS. 
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5.3. RECENT EPIDEMIOLOGIC EVIDENCE 

Studies that have appeared subsequent to the NRC and U.S. SG reports of 1986 are 
displaced in Table 5G. They have Lrgely taken potential biasing Fetors into account in the 
study design, protocol, or data analysis. It is often not feasible to measure and!control' for all 
the variables of potential interest, however, and it is difficult! to do so perfectly when attempted. 
For example, active smokers among study subjects have generally been identified by self- 
reporting or parental reporting. Although there is no evidence to: suggest that this method has 
been inadequate, the possibility of classification bias cannot be fully excluded. Other examples 
of variables to be considered include parental social class (Chen et al., 1988; Somerville et al., 
1988; Willatt, 1986); heating and cooking fuels (Chen et al., 1988); parental illness that could 
either cross-infect their children or make the children genetically vulherable (Chen et al., 1988; 
Willatt, 1986); and illnesses in the children that could mimic the effects of ETS (Chen et aL, 

1988; Geller-Bemstein et al., 1987). Typically these variables have been entered into a multiple 
regression or logistic regression model for statistical analysis or a method of stratification has 
been applied. 

The epidemiologic studies emphasized in the U.S. SG and NRC reports on the health 
hazards of ETS to children between birth and adolescence are shown in Tables 5-2 to 5-4 for 
respiratory symptoms, respiratory illness, and pulmonary function. About 30 additional studies 
have appeared since the two majpr reports of 1986. Recent studies’ characteristics are listed in 
Table 5-1, which includes a few entries for ailments in addition to respiratory symptoms, 
respiratory illness, and pulmonary function. Those last three categories, however, are the 
principal focus of this report and the topics of the next three sections. The general formats of 
the sections are similar: summary conclusions and! issues from the NRC and U.S. SG reports 
are reviewed; selectedi recent studies are described that may bear on the weight of evidence and 
relevant issues; implications of the recent studies for the results and ! conclusions of the NRC and 
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TABLE 5-1. EVIDENCE OF RESPIRATORY 
DISORDERS RELATED TO ETS EXPOSURE FROM SELECTED STUDIES 
SUBSEQUENT TO THE U.S. SG AND NRC REPORTS OF im 


Study 

Age of 
subjects 

Section 

reference 

Reaction to 

ETS exposure 1 

| Chan et al., 

1989' 

Children (7); 

5.43 and!5.4.4 

Wheeze in low-birth- 
weight cohort; cough 
in controls. 

Charlton and 

Blair, 1989 

Adoll (12-13) 

5.4.1 and 5.7,5 

. Increased school 
absenteeism. 

Chen et al., 

1988 

1 

Infants 

53, 53, 5.53. 

55.4, and 5.73 

Increased! hospitalization. 

1 

Chen* 1989 
(same sample 
data as entry 
above): 

Infants 

5.53 and 5.5.4: 

Synergism of passive 
smoking and artificial 
feeding on hospitaliza^ 
tion. 

Evans et al., 

1987 

J 

Chil./adol. 

(4-17) 

5.7.4 

Increased 1 emergency 
room visits; no increase 
in hospitalizations; no 
effect on pulmonary 
functiom 

Fleming et al., 

1987 

Infants/ 
chill (0-5) 

5.7.2 

Increased upper respira¬ 
tory tract infection. I 

Gellbr-Bemstein 
elali, 1987 

Infants/ 
chil. (0-5) 

53 and'5.73 

. Persistent wheezing in 
atopic children who were 
bottle fed. 

Hinton, 1989 

Infants/chil. 

5.7.1 

Higher chance of hospital! 
admission for grommet 
insertion (middle ear). 

Kallaifet al., 

1987 

Children 

5.7.1 

No association with 
middle ear problems. 


(continued on following page) 


5-() 


05 / 17/00 


Source: https://www.industrydocuments.ucsf.edu/docs/ffblOOOO 


2023552362 






DRAFT-DO NOT QUOTE OR CITE 


TABLE. 5-11 (continued) 


S-viy 

Age of 
subjer.s 

Section 

reference 

I 

Reaction to 

ETS exposure 

1 

Kauffmann et 
al., 1989 

Childreni (6-10) 

5.4.4. 5.6.3, 
and 5.6.4 

i i 

Maternal (but not | 

paternal) smoking 
associated with' decrease 
in FEVj and FEF^.^., 
but not in FVC; 

Lebowitz and 

Holberg, 1987 

Chil./adol./ 
adult (5-25) 

5.6.3 and 5.6.4 

Long-term effect on ^ 

children’spulmonary 

function. 

Marks, 1988 : 

j 

Children (5) 

5.4.3 and 5.4.4 

More likely to cough or 
wheeze during physicall 
exercise. ! 

Martinez et all, 

1988 

Children (9) 

5.7.3 

Increased frequency of 
bronchial responsiveness 
and atopy, in males but 
not females. 

i 

Masi et 1 aL, 

1988 

Adoll/adults 

(15-35) 

5.6.3 and 5.6.4 

Exposure during lung 
growth period may affect 
males permanently. 

McConnochie and 
. Roghmann, 

1986 

Children (6-10) 

5.4.3 and 5.4.4 

Predicts wheezing only if 
family history is positive 
for respiratory allergy. | 

Murray and 

Morrison, 1989 

Chil./adol. 

(1-17) 

5.7.4 

More severe asthma 
symptoms, especially in 
males. 

Neuspiel et 

Inf./chili 

5.4.3, : 5.4.4; 

Increased incidence of 

' al., 1989 

(0-10) 

and' 1 5.7.3 

post-infancy wheezy 
bronchitis. 

Ogston et al., 

1987 

Infants 

5.5.3 and 5.5.4 

Increased incidence of 
alimentary and respira¬ 
tory illnesses. 


(continued on following page) 
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TABLE 5-1. (continued) 


! 

Study 

Age of 
subjects 

Section 

reference 

Reaction, to 

ETS exposure 

Ostro. 1989 

Chit./adults: 
(0-6)/( 1.8-65) 

5.7.5 

Increased! respiratory 
restricted days in adults, 
and bed disability days in 
young children. 

Park and Kim,. 

1986 

Children 

(0-14) 

5.4.3 and 5.4.4 

Dose-response relation- 
ship observed for cough, 
except with family history 
ofi cough or phlegm. 

Reed and Lutz, 

1988 

Children; 

5.7.11 

Dose-response relation¬ 
ship observed 

Somerville eti 

Children 

5,3 t 5.4.3, 5.4.4,. 

Associated with wheeze, ! 

al., 1988 

(> in): 

5.5.3, 5.5.4; and 

5.7.3 

day and night cough, and 
bronchitis attacks. 

Asthma and morning 
cough increased, but not 
statistically significant. 

Stern et al., 

1987' 

Infants (0-2) 

5.4.3, 5.4.4. 5.5.3, 

5.5.4, 5.6.3, 5.6.4, 
and 1 5.7.3 

Increased hospitalization 
for chest illness; coughs 
phlegm; and asthma more I 

frequent. 

Strachan et al., 

1 1989 

Children (7) 

5.2, 5.4.4, and 

5.7,1 

Relation between salivary 
cotinine and middle ear 
effusion. 

Teeulescu et al., 

1986 

Adah (10-16) 

5.4.3, 5.6.3. and 

5.7.2 

More prevalent respira¬ 
tory symptoms and upper 
airway infections; 
decreased forced expira¬ 
tory flow. Effects more 
marked in males. 

VVilltm. 1986 

! 

Chil./adoll 

CM 51 

5.3 and 5.7:2 

Associated with sore 
throats. 
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U.S; SG reports are discussed. The recent evidence largely corroborates and strengthens: the 
support for the similar conclusions of the two reports. 

5.4. RESPIRATORY SYMPTOMS 

The studies on respiratory symptoms cited in the 1986 reports of the U.S. SG and the 
NRC are listed in Table 5-2. 

5.4.1. The U.S. Surgeon Generalfs Report on Respirator/ Symptoms 

Children whose parents smoke were found to have a 30% to 80% excess prevalence of 
chronic cough or phlegm compared with children of nonsmoking parents. For wheezing, the 
increase in risk varied from none to over sixfold among the studies reviewed. The results of 
some of these studies may have been confounded by the child’s own smoking habits (Colley et 
al., 1974; Bland et all, 1978; Kasuga et al.,. 1979). The association with parental smoking was not 
statistically significant for all symptoms in all studies (Lebowitz and Burrows, 1976; Schilling et 
all, 1977; Schenker et al., 1983). However, the majority, of studies showed an increase in 
symptom prevalence with an increase in the number of smoking household members in the 
home. 

Although misclassification of smoking children as nonsmokers must be considered, many 
studies showed a positive association between parental smoking and symptoms in children at 
ages before significant experimentation with cigarettes is prevalent. In addition, several studies 
(Bland et al, 1978; Weiss et al., 1980; Charlton, 1984; Schenker et al., 1983; Dodge, 1982; 
BUrchfiel et all, 1986) found significant effects of parental smoking after adjusting for active 
smoking by the children. Acute respiratory symptoms represent an immediate health burden for 
the child. However, the long-term significance of chronic respiratory symptoms for the health of 
the child is unclbar. 
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TABLE 5-2. STUDIES ON RESPIRATORY SYMPTOMS REFERENCED 


IN THE'U!S. SO AND NRC REPORTS of IW: 


Rj ~ ~ ”” ~ = = 

Study 

Age of 
subjects 

U.S: SG: 

NRC 

1 

Bland et al:. 1978 

Childfen/adol. (12-13) 

X 



Bland et al., 1958 

Children (12) 


X 


Charlton. 1984 

Children/adol. (8-19) 

X 



Colley; 1974 

Children (6-14) 

X 

X 


Dodge, 1982 

Children (8-10) 

X 

X 


Ekwo-et al., 1983 

Children (6-12) 

X 



Kasuga et al., 1979 

Children (6-11) 

X 



Lebowitz and Burrows, 

Children (< 16) 

X 

X 


1976 





Schenker et al., 1983 

Children (5-14) 

X 

X 


Schilling et all, 1977 

Children/adol. (< 16) 

X 

X 


Tager et al., 1979 

Children (5-19) 


X 


Ware et al., 1984 

Children'(6-13) 


X 


Weiss et al., 1980 

Children (5-9) 

X 

X 
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54.2. The National Research Council Report on Respiratory Symptoms 

Almost all of the crossrsectional studies that have compared children of parents who 
sr oke with the children of parents who do not smoke have reported increased prevalence of 
respirator}' symptoms* usually cough, sputum, or wheezing, in the children of smoking parenis 
Some studies, including some that have not found a statistically significant increase ini the 
prevalence of respiratory symptoms in ETS-exposed children, observed! an increase ini prevalence 
of respiratory symptoms as the number of household smokers increases. 

Three problems related to interpretation of results are particularly relevant to studies of 
respiratory symptoms in children-underreported active smoking on the part of the children, 
recall bias leading to overreporting of symptoms by parents, and the confounding variables of 
infections in parents. All three may lead to overestimation of symptom prevalence among 
children of smokers. It has been observed that parents, especially mothers who have a history, of 
severe respiratory illness, report higher rates of respiratory symptoms in their children 
(Schenker et al., 1983;, Ferris et all, 1985). 

Lebowitz and Burrows (1976), reporting on children in the Tucson Epidemiologic Study of 
Obstructive Lung Disease, emphasized the need for controlling for parental symptoms. Ferris et 
all (1985) have argued, however, that correcting for parental symptoms represents an 
overcorrection for respiratory symptoms in children since it also corrects for the parents’ 
smoking habits. In the Harvard Air Pollution Respiratory Health Studies (Six-Cities Study) of 
children ages 6 to 9 years< the variable indicating whether the parent had a history of bronchitis, 
emphysema, or asthma was found to be a highly significant risk factor for cough and wheeze and 
a history of respiratory illness among children. 

In both the Lebowitz and Burrows and Ferris et al. studies, adjustment for parental 
symptoms or respiratory illness decreased the strength of the apparent association between 
exposure to ETS and respiratory symptomsbut did not eliminate it. This finding leads to the 
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rieasonable conclusion that the exposures typical of ETS are sufficient to cause respiratory 
symptoms in some childrem The increase in frequency of cough was 20% to 50%, and as high 
as 90%,,v uen there were smoking parents. The. increased! frequency of wheezing- was more 
variable, which may indicate the difficulty in assessing this symptoms Furthermore, there 
appears to be a 1 dose-response relationship between'exposure and the likelihood of the child’s 
developing respiratory symptoms or a respiratory illness. 

5.4.3. Recent Studies on Respiratory Symptoms 

Studies in Table 5-f that address respiratory symptoms vary by objective and 
methodological approach. For discussion they are categorized roughly by age of the study 
subjects. Age is an important factor for several reasons. Susceptibility and the manifestation of 
symptoms may be related to duration of exposure or to developmental! growth and maturation. 

It is also of interest to identify respiratory symptoms in infancy that may be predictive of chronic 
respiratory disorders or impaired lung function in later years. As noted previously, evidence of 
smoking in the home is more clearly differentiated between subjects in the first few years of life 
where there is littld exposure to ETS and confounding substances outside the home. For this age 
group, maternal smoking has historically been more strongly related to respiratory symptoms 
and illnesses im early childhood than have paternal smoking or other more general measures of 
household exposure. This outcome is consistent with what would be anticipated if ETS exposure 
is causality' linked to-an increased incidence of symptoms: 

A further reason for considering age relates to; the potential sources of bias, mentioned' 
above and discussed further in the summary and discussion to follow (Section 5:4.4.), Since 
smokers tend to have more respirator/ symptoms than nonsmokers, it has been claimed that 
parents may overstate (or understate) their own children’s symptoms. It seems unlikely, 
however, that parental perceptions of their children's health are sufficiently distorted! or 
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influenced by their own health conditions.to: have a broad-based influence across numerous 
studies. Perhaps of greater significance is the potential for unknowingly treating active smokers 
as passive smokers. Children of parents no-smoke are more likely tod ecorne smokers than 
children of nonsmokers. Consequently; subjects who smoke but are mismported as nonsmokers 
may be more likely to be included with those exposed 1 to ETS at home. If a; subject’s own 
smoking 1 contributes to respiratory symptoms, then the adverse effects of passive smoking may 
be overstated! As noted previously; children may become smokers as young as 10 years of age,, 
and experimentation with cigarettes may start younger. 

Of the studies examined in this report, one is on infants; four are on children of primary 
schoofage (5> 7, 5-lli, and 6-10); one is on adolescents (10U 6); two cover a wide age range from 
birth (0-14 and 0H0)i Virtually all of the investigators report some adverse outcome associated 
with ETS exposure (except possibly Park and Kim, 1986, for ages 0 to 14). Statistical 
significance is not always achieved, however, and it is not always clear if the findings reported 
include all symptoms investigated. Nevertheless, the evidence is very substantial. If there were 
no effects of ETS exposure on respiratory symptoms, then the outcomes would be equally likely 
to produce an observed increase or decrease in relation to ETS exposure. This is dearly not the 
case for the published studies. 

Stern and colleagues (1987): evaluated the effects of infant exposure to maternal smoking 
in a cohort of over 4000 Canadian schoolchildren. Cough and phlegm were more frequent 
symptoms in children whose mothers smoked during the child’s first two years. (Cough was also 
more common in children whose mothers smoked during pregnancy, which is a potential 
confounding variable.) 

Increased occurrence of cough and wheeze was commonly reported to be associated with 
ETS exposure in studies of children in the next higher age group (5, 7, 6-10, 5-11). Specifically, 
Marks (1988); conducted a multiethnic study of inner-city preschool 5-year-olds. Children living 
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in smoking households were more likely to experience coughing or wheezing during physical 
exercise, although cigarette smoke exposure did not appear to influence other respiratory 
symptoms. The effect of passive smoking on; respiratory ; mptoms of children! ages; 5 to 11 
years was investigated in over 4000 English children and nearly 800 Scottish children 
participating in the National Study of Health and Growth in 1082 ('Somerville et al., 1988), A 
number of statistically significant positive associations were found between respiratory 
conditions, including wheeze and cough, in English children and the number of cigarettes 
smoked per day at home by their parents. Only wheeze was significant for Scottish children. 
Frequent ’’cough first thing in the morning" showed a positive but not statistically significant 
association in English children. 

McConnochie and Roghmann (1986) explored the effects of passive smoking and non¬ 
breast-feeding on wheezing in children ages 6 to 10. Maternal smoking, lack of breast-feeding, 
and two measures of genetic tendency (family history of respiratory allergy and male sex) 
predicted wheezing in children with a mean age of 8.4 years. Passive smoking determined 
wheezing only among children whose family history was positive for respiratory allergy: The 
final study in this age category is by Chan and associates (1989) who found evidence that low 
birth weight children of age seven experience wheezing when exposed to ETS. In a comparison 
of 121 sevemyear-old English children with a history of low birth weight ( < 200 g);and an 
unselected reference group of schoolchildren! of the same age, the investigators reviewed hospital 
charts at discharge after birth; administered questionnaires on family, social, and clinical history; 
andiperformed tests for ldng function, bronchial reactivity., and allergies. Multiple logistic 
regression was used'to control for socioeconomic status, neonatal oxygen scores, atopy, and 
family history of asthma. In the reference group, daytime (but noti nocturnal!) cough was weakly 
associated with: maternal smoking but not with smoking by other household members. Maternal 
smoking was associated 1 with wheeze but not coughi ini the low birth weight cohort. 
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The two studies of children in the age ranges (MQ and 0-14 are by Neuspiell et all (1989)! 
and Park and Kim (1986), respectively, both of whom utilized large samples. The former 
studied the effect of parental smoking </n wheezing in 9670 British ch 'ldren. Children of 
smoking mothers had a significantly increased cumulative incidence of post-infancy wheezing to 
ten years of age, but it was confined to an increase in wheezy bronchitis. (The authors note that 
some investigators have suggested that wheezy bronchitis is clinically and pathologically 
indistinguishable from asthma,,so this study is referenced in Section 5.7.3. as well.)i There was a 
14% increase in childhood wheezy bronchitis when mothers smoked over four cigarettes per day 
and a 49% increase at 14 cigarettes per day after adjustment for covariables. The covariables 
controlled in the analysis (multiple logistic regression) include paternal! smoking, social status, 
sex, history of family allergy, crowding, breast-feeding, gas cooking and! heating, and 1 bedroom 
dampness. Some of the observed effect was explainable by maternal 1 respiratory symptoms and 
maternal depression, but not by neonatal problems, the child's allergic symptoms, or paternal! 
respiratory symptoms. Passive smoking was related only to wheezy bronchitis and'not to parent- 
reported asthma or wheezing for other reasons. 

The Park and Kim (1986) survey of 3651 Korean children from 0 to 14 years of age was 
conducted to ascertain if coughing is related'to ETS exposure. A rural area was selected for the 
survey where adult smokers showed a similar life-style and spent much of their time at home. 
The prevalence and frequency of coughing was found to increase with the number of adtilt 
household smokers and with the number of cigarettes smoked hr an analysis unadjusted for 
covariables. Smoking by children is unlikely to be a confounding factor as smoking is seldom 
seen in children below 15 years of age in Korea. Data on 21 extraneous variables were collected 
in the study. When included in an adjusted statistical analysis, the presence of coughers in the 
family was found to be an explanatory variable of some importance. The association of ETS 
exposure with increased! coughing may be due tO'the indirect effect of family smoking through 
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coughers in the family, or a direct consequence of exposure to ETSi The mechanism by which 
adult household smoking is related to increased!coughing in:children was not investigated. 

Teculescu et all (198^,, in French) conducted a relatively small study that compand 46 
nonsmoking children ages 16 to 16: years whose parents smoke with an .identical! numbei of 
children matched for sex, age, and height whose parents were nonsmokers. Passive exposure to 
parental tobacco smoke was;associated with a higher prevalence of respiratory' symptoms, 

5.4:4. Summary and Discussion of Respiratory Symptoms 

Studies on the relationship of ETS exposure and 1 respiratory symptoms appearing 
subsequent to the U.S. SG and NRC reports of 1986-provide additional 1 support to those reports 1 
conclusions. Increased cough has been observed in a range of ages, including 0 to 2, 5 to: 11 and 
0 to 14 ; (Stern et aL, 1987; Somerville et aL, 1988; and Park and Kim, 1986, respectively), The 
last' reference, however, found that the substantial dose-response observed!could! be largely (but 
not totally); explained by a family history of cough or phlegm. Similarly, McConnochie and 
Roghmann (1986) found that ETS exposure predicts wheezing only in families with a; history of 
respiratory" ailfergy. The cumulative incidence of post-infancy wheezy bronchitis through 10 years 
of age increased with the amount mothers smoked, in the large study-by Neuspiei et al. (1989). 
They found that' some of the effects could be explained! by maternal respiratory symptoms. 

These results are consistent with the explanatory effect of parental symptoms found in the 
studies by Lebowitz and Burrows (1976) and Ferris et all (1985) (Section!5.4.2). A weak 
association of wheezing was reported in seven-year-olds of low birth weight (Chan et al., 1989). 
Marks (1988); observed increased wheezing and coughing in exposed children of age five 
following physical exercise. 

Family history of respiratory symptoms and disease appears.to: be: a - confounding variable 
for the interpretation of data. As noted in the remarks from the NRC report (Section 5.4.2); 
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bias, may be introduced by parents who have a history of respiratory illness for several reasons, 
They may, be overstating their children’s:symptoms, or their children may actually have more 
respiratc , symptoms and illness. The Utter possibility could be the result of intra-family 
correlation of susceptibility (referred to as familial resemblance in Kauffmann et al.,, 1989) or 
may be attributable to contagion between members of the same household. The conclusion is 
simply that family history has beeni shown to be a confounding variable in some studies showing 
an association of! respiratory symptoms in children with parental smoking. This means that 
family history, as well as any other factors correlated with parental smoking, is a candidate for 
causally contributing to the occurrence of respiratory symptoms in children! When data have 
been collected on family history one has the option of attempting to adjust for its effect 
statistically. How meaningful the results are, however, depends on how confounded family 
history is with parental! smoking. Correlation between family history (as reported in the data, 
whether biased or not)'and household exposure to ETS will tend to lead to an understatement 
of the statistical significance of ETS after adjustment for family history and conversely, 
regardless of which (if either) is causally related to the observed increase in respiratory 
symptoms. This difficulty has been noted in the literature (Section 5.4.2.). 

Some additional precautions to those already discussed are in order. Controlling for 
active smoking becomes an issue for subjects at about age ten (some evidence suggests seven or 
eight years: of age) depending on the culture, even though it may be light smoking. Most 
researchers have been aware of the potential confounding effect of smoking and have attempted 
to control for it. Some studies have excluded persons who smoke, and others have made them a 
separate group for comparison. A greater difficulty probably lies ini the potential for 
misreported smoking habits. Young persons may be reluctant to admit to smoking 1 cigarettes, 
especially if they have been experiencing respiratory maladies. Data are often obtained from 
parents, who may not be aware of! a child’s smoking, Future studies may include cotinine tests 
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to confirm the reported smoking status (as in Sirachan et al., 1989). Of course, misreported 
smoking.status would noti explain the observed relationship between ETS exposure and 
respirator)' symptoms in i; *ants and children up to the middle years: of primary school: 

In conclusion, there is no apparent single source of systematic bias that might explain the 
substantial evidence accumulating across the multiple age groups, investigative approaches, and 
environmental and cultural conditions studied. Family history may cause overstatement of 
conclusions when it is not taken into account in the analysis of! data, but it may only indicate 
that ETS is related to increased respiratory symptoms indirectly, or both directly and indirectly. 
It is reasonable to conclude that parental smoking increases the incidence of respiratory 
symptoms from infancy well into primary school years and probably through the adolescent 
years. Misreported smoking status may have some influence in studies of older children. 
Results in the higher age group, however, are not inconsistent with findings at other ages. In 
addition to the unlikelihood that bias significantly distorts the overall results, several other 
factors are supportive: (1) evidence that maternal smoking tends to be more of a factor than 
paternal smoking in the first one to. two years of life; (2) an observed dose-response function in 
numerous cases; and (3) the biological plausibility given the increased incidence of respiratory 
symptoms in adult smokers. 


5:5: ACUTE RESPIRATORY ILLNESS 


References to the evidence on acute respiratory, illness in the reports of the U.S. SG and 
the NRC of 1986 may be found! ini Tablfe 5-3. As in Section 5, conclusions of the U.S. SG and 
NRC reports; are summarized* subsequent! evidence is addressed, and the overall implications for 
exposure to« ETS are assessed! im a summary and discussion section. 0 
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TABLE 5-3. STUDIES ON RESPIRATORY ILLNESS REFERENCED 


IN THE U.S. SG AND NRC REPORTS OF 1986 


Study 

Age of 
subjerts 

U.S SG 

NRC 

Cameron et al., 1969 

Children (6-9) 

X 


Colley, 1971 

Infants 

X 


Colley, 1974 

Infants 


X 

Dutau et al., 1981 

Infants/children (0-6) 


X 

Fergusson et al., 1981 

Infants 

X 

X 

Harlap and Davies, 1974 

Infants 

X 

X 

Leeder et al., 1976b 
(also see Colley, 

1974, and Leeder 
et al., 1976a) 

Infants 

X 

X 

Pedreira, 1985 

Infants 

X 

X 

Pullen and Hey, 1982 

Children 

X 


Rantakallio, 1978 

Infants/children (0-5) 

X 

X 

Said et al., 1978 

Children/adoll (10-20) 

X 

X 

Sims et al., 1978 

Children 

X 


Speizer et al., 1980 

Children (6-10) 

X 

X 

Ware et al., 1984 

Children (5-9) 

X 
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5.5.1. The U.S.. Surgeon General's Report on Acute Respiratory Illness 

The results of these studies show excess.acute respirator)' illness in the children of parents 
• ho smoke, particularly im children under two years of age This pattern is evident in studies, 
conducted with different methodolbgies and in different locales. The increased risk of 
hospitalization!for severe bronchitis or pneumonia associated with parental, smoking ranges from, 
20% to 40% diiring the first year of life. Young children appear to represent m more susceptible 
population for the adverse effects of involuntary smoking tham older children or adults, The 
time-activity, patterns of infants, which generally place them in.proximity to their mothers, may 
lead to particularly high exposure to ETS if the mother smokes. 

The possibility of bias due to the respiratory status of the reporting parent(s) must be 
considered for the studies that have used!questionnaires to measure illness experience. In all 
studies in which potentiall reporting bias was examined, control for parents 1 status reduced, but 
did not eliminate, associations of involuntary smoking with health outcomes (Colley et al., 1974; 
Leeder et al., 1976a,b; Schenker et al., 1983; Ware et aL, 1984), Further, the consistency of 
these studies, in spite of differing study populations and methods, weighs against bias as the sole 
explanation. Acute respiratory illnesses during childhood may have long-term, effects on. lung 
growth, and development. It may possibly increase the susceptibility of the lung to the effects of 
active smoking and to the development of chronic obstructive lung disease (Sameti et 1 aL, 1983; 

U S. DHHS, 1984)j 

5:5.2. The National Research Council Report on Acute Respiratory Illness 

There is now strong evidence that bronchitis, pneumonia, and other lower-respiratory-tract 
illnesses occur more frequently (at least during the first year of life) in children who have one or 
more parents who smoke. Bronchitis, pneumonia, and other lower-respiratory-tract illnesses 
occur up; to twice as often during the first year of life in children who nave one or more parents 
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who smoke than in children of nonsmokers. All the studies that have examined the incidence of! 
respiratory illnesses: in children under the age:of! one year have shown a positive association 
between such illnesses;and exposure to ETS There is a dose-response relationship that relates 
more toi maternal smoking than to paternal smoking as the source of ETS exposure. 

The association between: ETS exposure and increased occurrence of respiratory illnesses in 
children is very unlikely to have arisen by chance. It may represent a direct association 1 between 
ETS exposure and disease (a causal explanation) and/or an indirect one (noncausal) arising 
because children living in homes of smokers are at risk of such diseases for other reasons: 

Some of the studies have examined the possibility that the association is indirect by allbwing for 
confounding faetors-such as social! class, parental respiratory illnesses, and birth weight-and 
have concluded that such factors do not explain the results. This argues, therefore, in favor cj 
the causal explanation. Such an explanation is also supported by the evidence of a dose- 
response relationship specific for respiratory disease. Regardless of the mechanism. However, 
the exposure of small children to smoking in the home appears to put them at risk of respiratory 
illness. 

5l 5:3. Recent Studies on Acute Respiratory Illness 

Four of the studies that have appeared subsequent to the U.S. SG and NRC reports deal 
with the potential relationship between exposure to ETS and lower-respiratory-tract illness 
(excluding the study on asthmatics for now and counting Chen; 1989 and Chen et al. v 1988 as, 
one study). All four reports indicate an association between ETS and increased! respiratory, 
illness, although the approaches and health-relhted endpoints are varied. Three studies pertain 
to infants. The remaining one applies to the age range 5-11. 

Chen and his colleagues (1988)i investigated the relationship between passive smoke 
exposure and hospitalization for bronchitis and pneumonia by 18 months of age in a study of 
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2227 Chinese children. The results indicated a significant dose-response relationship of 
household smoking to hospitalization for respiratory illhess during the child’s first 18 months. 

\o. confounding variables wen. discovered. Further analyse 1 * indicated that infants who were 
less than six months of age, had low birth weight, or were artificially fed'were relatively more 
susceptible to the effects of tobacco smoke. Moreover, the cumulative incidence of bronchitis 
and pneumonia increased significantly with increased! smoking,of family members. This result 
persisted! when sex, birth weight, nursery care, father’s education, coal for cooking, and cases of 
adulti chronic respiratory disease were takem into account. An interesting and important aspect 
of this study is that of 1746 smoking 1 families, there were no mothers who smoked. Presuming 
that the reporting of smoking habits is accurate, or nearly so, smoking during pregnancy is 
unlikely to confound postnatal exposure to ETS. In a later publication based on the sample 
described above, Chen (1989) reported that among artificially fed infants the frequency of 
hospitalization for respiratory illness was 2.5 times greater when more than 20'cig./day were 
consumed in the home. The frequency dropped to 1.7 times greater if 1 to 19 cig:/day were 
consumed. Chen also concluded that passive smoking and artificial feeding work synergistically, 
producing a detrimental effect much greater than that produced by their separate actions. Thus, 
infants may be at greater risk from ETS exposure if bottlfe fed. 

Further evidence of a relationship between passive smoking and respiratory illhess in the 
child’s first year is provided by Ogston et al. (1987), These investigators conducted: a 
prospective study of 1565 infants involved in the Tayside Morbidity and Mortality Study: Health 
visitors interviewed parents to gather data on social class, age of parents, method of heating and 
cooking, father’s and mother’s smoking habits, and the presence of upper- or lower-respiratory- 
tract infections (later confirmed by medical diagnosis). Parents were classified simply as 
smokers or nonsmokens. Multiple logistic regression indicated that respiratory illness during the 
first year of life was predicted by parental* smoking. Moreover, a trend indicated increasing 
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incidence from (a) nonsmoking families to (b) only father smoking, to (c) mother or both' 
parents; smoking. 

A cohort stud-, of 4099 Canadian children. n to 12 years of age, corroborates the findings 
described above. Stein and associates (1987) found that children whose mothers smoked during 
the first two years of their life were significantly more likely to have been hospitalized at least 
once before the age of two yearsfor a respiratory illness than children of nonsmoking.mothers. 
Moreover, ETS-exposed children hospitalized in their first two years of life were six times more 
likely to be hospitalized for chest illhess than unexposed children. Similar results were reported 
for children whose mothers smoked dhring pregnancy, however, so in utero and postnatal 
exposure to products of tobacco smoke may be partially confounded. 

A study demonstrating a dose-response relationship between passive smoking and 
respiratory illness in children 5 to 11 years old was conducted by Somerville and associates 
(1988)i The sample consisted of 4000 English and 800 Scottish children from the National Study 
of Health and Growth. Data on each child’s respiratory symptoms, parental smoking, and family 
background were obtained from a self-administered questionnaire completed by the mother. 
Passive smoking was assessed by the total number of cigarettes smoked each day by the mother 
and the father. Multiple regression analysis indicated that the number of cigarettes smoked by 
English parents was significantly associated with bronchitis attacks within the last two months. 
Neither household crowding, parents’ education, father’s occupation, nor age or sex of the child 
confounded this result. 


5.5.4. Summary and Discussion on Respiratory Illness 

As in the discussion of respiratory symptoms (Section 5.4), the respiratory status of 
parents is a factor to be considered in interpreting the results on respiratory illness. As the U.S, 
SG report notes, there is the possibility of biased reporting from parents who smoke and may. be 
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more subject to respiratory ailments than normal. All of the studies reviewed used 
questionnaires or interviews. The questions dealing with respiratory’ illness tend to be rather 
specific, reqyiring little subjective judgnu nt. For example, the number of hospitalizations for 
respiratory or chest illness during the first year or two of life, and the number of doctor- 
diagnosed cases, were indexes of health (Chen et al., 1988; Chen, 1989; and Stern, 1987)i Ogston 
et al. (1987) confirmed reports of respiratory infections by medical diagnosis. Consequently, the 
potential for biased reporting from parents who smoke may be less of an issue for evaluation of 
respiratory illness than for respiratory symptoms. 

The consistent association between respiratory illness and ETS exposure in the home over 
all studies to date, especially in studies of infants, is unlikely to be attributable to a confounding 
factor. Such a factor would have to be consistently operative over the broad spectrum of 
countries, cultures, and age groups studied and of substantial influence on respiratory health. 
Most researchers have attempted to control for potential confounding factors, although only one 
study has controlled 1 for in utero exposure (Chen et all, 1988). The dose-response relationships, 
reported in recent studies (Chen et al., 1988; Somerville et al., 1988; Ogston et al., 1987) and in 
previous evidence assessed by the NRC and U.S. SG committees, are consistent with'a causal 
association; a plausible explanation in terms of systematic bias or a confounding factor is less 
apparent. These arguments and the biological plausibility that ETS exposure increases the 
incidence of lower-respiratory-tract illnesses in the first one-to-two years of life provides some 
support for a causal relationship: The influence of potential sources of bias and confounding 
factors, however, cannot be adequately assessed to conclude a causal association between ETS 
exposure and the increased incidence of respiratory illnesses in young children. The consistency 
of the conclusions across the cumulative recent and previous studies, however, cannot be 
statistically attributed to chance occurrence; it is only the explanation behind the association that 
is uncertain. 
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The implications of early childhood respiratory illnesses for health in lkter years is an 
important related issue that is difficult to study. Stern et ali (1987) concluded that the strong 
relationship her . een hospitalization before the age of two years for a chest : llhess and! 
subsequent respiiatory symptoms and decreased! pulmonary function later in childhood suggests 
that there are definite carryover effects of early acute respiratory' illness. In a study not directly 
related! to passive smoking; Barker and!Osmond! (1986) found a strong geographical relation 
between! death rates from chronic bronchitis and emphysema in 1959 to 1978 and! infant 
mortality from bronchitis and pneumonia during 1921 to 1925 for regions in England and Wales. 
The authors concluded that this relation provides strong evidence of a direct causal link between 
lower respiratory infection in early childhood and chronic bronchitis in adult life. Although 
these studies contribute some evidence of the potential! for long-term effects ffdm childhood 
exposure, further support is needed for a conclusion. Long-term implications have been 
expressed as a major concern by numerous authors. Chronic respiratory aiknent or permanently 
impaired lung function has largely been speculated from the results of multiple studies over 
various age groups. No major longitudinal! study following subjects from infancy through 
adolescence has been conducted. 

5.6. PULMONARY FUNCTION 

Studies on pulmonary function referenced in the 1986 reports of the U.S. SG and the 
NRC are displayed in Table 5-4. Conclusions of the U.S. SG and NRC reports are summarized, 
and studies appearing since the U.S. SG and NRC reports are reviewed. The current state of 
evidence on the potential association of ETS exposure with pulmonary function are summarized 
and discussed. 
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TABLE 5-4. STUDIES ON PULMONARY FUNCTION REFERENCED 
IN THE U.S. SG AND NRC REPORTS OF 1986 


Study 

Age of 
subjects 

U S. SC 

NRC 

Berkey eti all, 1986: 

Children (6*10)i 

X 

! 

X 

Brunekreef et' al, 

Adults 

X 


1985 

■ Burchfiel et al., 1986 

Infants/children ((■)-10) 

X 

1 

Chen and Li, 1986' 

Children/adol. (8-16) 

X 

X 

Comstock et all, 1981 

Adults 

X 


| Dodge, 1982 

Childrem (8-10) 

X 

X 

1 

Ekwo et al., 1982 

Children (6-12) 

X 


Ferris et al., 1985 

Children/adoli 


X 

Hasselblad et al.,, 

Children (5-13) 

X 

X 

1981 

Kauffmann et al., 

Adults 

X 


1983 

Kentner eti all. 

Adults 

X 


1984 

Lebowitz, 1984 

Families 

X 


Lebowitz and 

Children/adoll ( < 16) 

X 

X 

Burrows, 1976 

Pimm et al., 1978 

Adults 

X 


Schilling et al.. 

Children/adol. (< 16) 

X 

X 

1977 

Shepard et ah, 1979 

Adults 

X 



(continued on following page) 
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TABLE 5-4. (continued) 


Study 

Age of 
subjects 

U.S. SG 

NRC 

1 Sinus et al.., 1978 

Children; 

X 


Tager et al., 1979 

Children (5-19) 


X 

Tager, 1983 

Children (5-9) 

X 

X 

Tashkin 

Children 

X 


Veda! et al., 1984 

Children (6-13) 

X 


Ware et al.,, 1984 

Children (6-13) 


X 

Weiss et al, 1980 

Children (5-9) 

X 

X 

White and Froeb, 1980' 

Adults 

X 



5.6.1'. The U S. Surgeon General’s Report on Pulmonary Function 

Cross-sectional studies have demonstrated lower values on tests of pulmonary function 
(FEV 75%, FEV,, FEF^.,,, and flows at low lung volumes) in children of mothers who smoked 
compared with children of nonsmoking mothers. Longitudinal studies confirm the cross- 
sectional results and'provide some insight into the implications of the cross-sectional data. 
Dose-response relationships have been found in both cross-sectional and longitudinal studies 
(Tager et al., 1979; Weiss et al., 1980; Ware et al., 1984; Berkey et al., 1986); the level of 
function decreases with am increasing number of smokers in'the home. As would be anticipated 
from the mother’s greater contact time with the child, maternal smoking tends to have a greater 
impact than paternall smoking; Younger children seem to experience greater effects than older 
children (Tager et al.. 1979; Weiss et al., 1980), and in older children the effects of personal 
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smoking may be additive with those of involuntary smoking (Tager et al, 1979,, 1985). Some 
studies have reported greater effects on flows at Ibwer lung volumes in girls than in boys 
(Burchfiel eti aL, 198c. Tashkin et al., 1984; Yarned and St. Leger, 1979; Vedal et al., 1984). 

Flbws at higher lung,volumes;seem to be more affected in boys (Burchfiel etal., 1986; Yarnell 
and 1 St. Leger 1979; Berkey et al.,. 1986: Tashkin et ah, 1984), It is unclear whether these sex 
effects represent differences in exposure, differences in susceptibility to environmental cigarette 
smoke, or differences in growth and development. The observed reduction in lung function of 
children: associated with maternal smoking is small, on the average. Some children may be 
affected! to a greater extent, however, and evem small differences may be important for children 
who become active smokers in adulthood! 

5:6.2. The National Research Councils Report on Pulmonary Function 

It is often difficult (but not impossible) to measure lung function in young children, and it 
is also hard to dissect out the relative contribution'of ETS and that of natural variation and the 
effect of respiratory infections to pulmonary damage. The most important contributors to 
variation in lung function among children are size-related factors such as sex, age, and height. 
These account for about 50% to 60% of the variation (Comroe et al., 1962). Nevertheless, a 
majority of the studies has shown a small decrease (up to 0.5% of FEVj per year) in rate of 
increase ini Ring function associated! with normal! growth in children living with one or more 
parents who smoke compared with those living with nonsmoking parents. These differences 
have usually been statistically significant. Although the mean effect is. small, there are 
individuals in each study who have large decrements in growth of lung function. Some studies 
have found a dose-response relationship with'the number of smokers in the home or the amount 
smoked (Hasselblad et al., 1981). In most studies, only the maternal effect was statistically 
significant. It is not possible to determine:whether ETS is directly causing the decreased lung 
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function observed in children of smoking parents or if an increased infection rate in these 
children is responsible for the decrease: 

The annual small decrease im FEV,, which is related to exposure to ETS, is unlikely to be 
clinically significant. However, the effect may be important in two respects. First, the existence 
of statistically significant differences related to parental smoking leads; to the conclusion that 
there are pathophysiologic effects: of exposure to ETS in the lungs of the growing child, lit may 
be an in utero effect, an effect on the growing and remodeling of the lung; or bothi Second, it 
raises the question of whether the child who is adversely affected by parental smoking may be at 
increased! risk for the development ofi chronic airflow obstruction in adult life. An accelerated 
decline in lung function could increase the risk of chronic pulmonary disease (Samet et al., 

1983). An important unanswered question is whether exposure to ETS affects the way the lungs 
grow' and develop during childhood. 

5.6.3. Recent Studies on Pulmonary Function 

Kauffmann et al. (1989) asked what factors related to lung function may be correlated 
between parents and their offspring between 6 and 10 years of age. A total; of 1160 children: 
were included in the study whose parents had been examined in the 1975 French PAARC 
Cooperative Study. Positive correlations between parent and child of FVC, FEV^ and FEF^ 
were observed and exhibited am increasing temporal trend with increasing age of the children. 
Comparisons between siblings of the opposite sex suggest that different growth patterns betweem 
boys and girls may be a factor in lung function. Maternall but not paternal, smoking was 
associated with a significant decrease in FEV, and FEF^^, but not w-ith FVC. 

Masi et al. (1988) suggest that passive smoking during the growth period of the lungs ini 
early life permanently affects their mechanical properties in young men. They collected mail-in 
questionnaire data on lifetime exposure to ETS. The:exposure estimates were compared with 
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pullnonary data; previously collected as part of a crossrsectional study of the evaluation of lung 
function from adolescence to early adulthood. FEF 1S7S was inversely related to ETS exposure 
estimates before age 17 in males, but not imfemales. 

A longitudinal study ot pulmonary function between; the ages of 5 and 25 supports the 
hypothesis that childhood respiratory' illnesses have implications for pulmonary, development 
(Lebowitz and Hoiberg, 1987; also; Lebowite et al., 1987). A total of 1502 observations were 
made between 1972 and 1983 on 362 subjects 6 to 15 years of age when initially tested. Follow¬ 
up averaged about 9 years. Measures of pulmonary function included FVC, FEV 1? flbw at 50% 
of FVC(V max 50%), and flow at 75% of expired FVC(;V max 75%). The study includes active 
smokers as well 1 as nonsmokers, which complicates analysis and interpretation of the data. The 
statistical models assumed describe the data well, but the technical details are sketchy. The 
authors conclude that respiratory illnesses and smoking had the biggest negative impact on 
growth of lung function, using FVQ FEV lt V max 50%, and size-compensated flows (:V max 
50%/FVC). Further negative impacts were due to parental smoking, especially as it interacts 
with active smoking and respiratory disease. Measures of flow (V max 50%, 50%/FVC) were 

more sensitive than FEVj to the effects of concurrent disease and smoking and were better 
indicators of a long-term effect persisting into early adulthood. 

Stern and colleagues (Section 5.4.3.) found a statistically significant 0:7% decrement in 
FEVj associated with maternal smoking during the first two years of life, but no effect on FVC 
was observed. The small study by Teculescu and others, (Section 5.4.3.) also reported! a 
significant decrease in forced expiratory flows, with) effects more marked in boys. The single¬ 
breath nitrogen washout test, a sensitive test of small airways obstruction in adults, did not 
detect any effect of passive smoking in this limited sample (46 nonsmokers of ages liO to 16 
whose parents were smokers). 
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5.6.4. $ummar\' and Discussion of Pulmonary Function 

The NRC report has previously noted!the difficulties in measuring lung function in small 
children and then sorting out the effect attributable to ETS exposure. Height, age, and sex are 
factors to control in tests of pulmonary function. Factors related to familial resemblance 
(Kauffmann et al., 1989), such as parental smoking and lung function, temporal trends in parent- 
child correlations as a child’s age increases, and different growth patterns between boys and girls 
are further complicating factors. The evidence suggests that any effect of passive smoking on 
lung function is likely small, lh view of these conditions, it is not surprising that study results 
have been somewhat mixed and difficult to assess overall. 

If a health effect is associated with ETS, it is generally more apt to be observed if the 
differential exposure to ETS between study subjects being compared is large than if it is small. 
This is particularly true when factors affecting the variability of study data are poorly controlled 
and difficult to assess. This observation may be particularly relevant for studies of pulmonary 
function, as illustratediby comparative analyses of two major longitudinal 1 studies. Lebowitz and 
Holberg (1988) and Tager et all (1987jiboth reanalyzed the longitudinal data from the East 
Boston Study and the Tucson Study. The former study found an effect of maternal smoking on 
FEVj.and the latter did not. Both reviews concluded that the disparate results were not 
attributable to the different methods of analysis originally used. The difference in ETS exposure 
between the "Exposed" and "unexposed" groups appears likely to be much larger in one study 
than; in the other, attributed (at least in, part); to the differences in climate (which affects the 
amount of ventilation from outdoor air). 

Differences between studies that affect exposure levels and the influence of host-related: 
variables affecting measured responses that cannot be fully controlled make it difficult to assess 
the overall evidence from studies on pulmonary 7 function. In reviewing previous;studies, Tager 
(1986) notes that some consistency emerges, if one focuses on FEVj and 1 FEF^.^. The recent 
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study of Kauffmann eti al. (1989); found that maternal smoking was related'to FEV, and FEF^y 
but not to FVC, consistent with TageFs observation. Two other conclusions that appear 
frequently in the cumulative studies on lbng function are the greater susceptibility of boys and 
the significance of age in subjects up to adulthood. 

Recent studies provide additional information on the question of whether childhood 
exposure toETS has implications for long-term effects in lung function. As noted by the MRC, 
it is not possible to determine whether ETS is directly causing the decreased lung function 
observed ini children of smoking parents or if an increased infection rate in these children is 
responsible for the decrease. Epidemiologic data of Paoletti et al. (1989); support the hypothesis 
that childhood history of respiratory infection (prior to age 12) and adolescent-adult history' are 
related to increased prevalence of a number of detrimental health conditions in adulthood, 
including reduced lung function and chronic obstructive lung disease (independent of whether 
parental smoking is implicated im the childhood history of respiratory illhess). Stern et al. 

(1987) conclude that the strong relationship between hospitalization before the age of two years 
for ai chest illness and subsequent respiratory symptoms and decreased pulmonary function later 
in childhood suggests that there are definite carryover effects of early acute respiratory illness. 
The longitudinal study of Lebowitz and Holberg (1987) links early respiratory disorders with 
long-term pulmonary effects, specifically in the small airways. The study of Masi et al. (1988) 
suggests a permanent affect in young men (but not women). If passive smoking in childhood is 
causally associated with respiratory illness (only "association", not "causal: association", is 
concluded in this report), then these studies support the hypothesis of a lbng-terrrn effect on lung 
function. 

Based on the cumulative evidence availably this report concludes that passive smoking in 
early childhood is associated with decreased lung function in childhood and with a; small 
reduction in their rate of pulmonary growth: and development. 
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5.7. RELATED RESULTS 

A number of studies have investigated the potential for health hazards to children from 
parental smoking that have not been described under the sections on respiratory symptoms, 
respiratory illness, or pulmonary function. In most cases there is less evidence on these health 
related endpoints, but that does not imply that they are necessarily less important-just less 
thoroughly studiediat this time. Some of these studies and their topics of inquiry are 
summarized in this section. This report concludes that household smoking is associated with 
excess incidence of middle ear effusion (Section 5*7,1.), but no further conclusions are drawn 
from the study results described. There is increasing evidence that maternal! smoking may be 
associated with increased prevalence of asthma, particularly before the age of one year. 

Potential bias in parent-reported data and confounding by in utero exposure, however, are 
difficult to assess. Based! on the overall statistical evidence, it appears unlikely that maternal 
smoking has a very large effect on asthmatic conditions in children. Nb conclusions are 
warranted, however, as study results have been inconsistent and ambiguities complicate 
comparisons. 

5,7:1. Middle Ear Effusion 

The U.S. SG report includes reviews of five studies that demonstrate an excess of chronic 
middle ear disease (including middle ear effusion; a sign of chronic middle ear disease) in 
children exposed to parental cigarette smoke. A causal mechanism is unknown, however, and 
potential confounding factors may be important The long-term implications of excess middlb ear 
disorders need further study. The U.S, SG and NRC reports are similar on this topic; neither 
draws a firm conclusion. 

Additional study data subsequent to' these two reports adds to the weight of evidence. Ini 
particular, a dose-response relationship is reported by Reed and Lutz; Strachan and coworkers 
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have shown a relationship with, salivary cotinine concentrations. Based, on the cumulative 
evidence, this report concludes that parental smoking is associated with increased incidence ol 
middle ear c-Tusion. Recent studies are described below. 

Reed and Lutz (1988) evaluated!the association between middle ear effusion and 
household smoke exposure in children, seen in an outpatient office. They reported an increasing 
percentage of middle ear effusion in children with progressive levels of smoke exposure. 

Strachan and colleagues (1989) assayed saliva of 7^year-olds for cotinine concentrations 
(apparently the first study to use biochemical data to evaluate exposure to ETS in primary, 
schoolchildren). They concluded that about one-third of the cases of middle ear effusion were 
statistically attributable to exposure to tobacco smoke. By contrast, Kallail et al. (1987) found 
that exposure to cigarette smoke apparently was not a risk factor for middle ear problems in a 
survey of primary schoolchildren. The discrepancy in conclusions is possibly attributable to 
study differences. Kallail and colleagues grouped children according to outcomes on a school’s 
hearing test. All members of the experimental group were diagnosed by a physician, as 
manifesting a middle ear problem. By contrast, Reed and Lutz (1988) and Strachan et al. 

(1989) both addressed a specific middlte ear problem (effusion) as indicated by abnormal 
tympa nograms. 

The association of passive smoking with middle ear effusion is further supported by 
Hinton (1989), who conducted a study to ascertain whether there is any relationship between 
parental smoking and various factors in children undergoing surgery for otitis media with 
effusion. That study included 115 children of ages 1 to 12 years who were admitted for 
grommet insertion. The admission rate for grommet insertion was statistically higher for 
children with at least one parent who smokes. 
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5.7:2: Acute upper-respiratory-tract illness 

Risk factors for acute upper-respiratory-tract disease in childhood were evaluated in a 
population-based sampF of the Atlanta metropolitan area by Fleming and colleagues (1987). 
Mothers of children less tnan 5 years of age were questioned about upper-respiratbry-tract 
infection and ear infection occurring in their children during the preceding two weeks. Maternal 
smoking was a risk factor for a child's having upper-respiratory-tract infection (odds ratio = 1.7, 
P' = 0.0.1 )i The small study by Teculescu and colleagues (Section 5.43.) found that children of 
parents who smoke had more frequent upper airway infections. 

A study by Willatt (1986) found that sore throats were predicted by maternal passive 
smoking in children of ages 2 toi 15 years. A regression model indicated a dose-response 
relationship between sore throats; andi the number of cigarettes the mother smoked. The author 
noted that active smoking in the older children could not account for these results since the 
relationship between sore throats and smoke exposure was strongest for children under the 
median age of 6^9 years. As the author also observes, few studies have looked at the effects of 
passive smoking on children’s upper respiratory tract. 

5.73. Asthma 

The two central issues related to ETS and asthma in children are whether parental 
smoking increases the prevalence of asthma cases and whether passive smoking exacerbates 
conditions in asthmatic children. The populations differ with regard to these two questions so 
the first issue is discussed in this section and the other one is addressed in the next section 

The U.S. SG report found no consistent relationship between the report of a doctor’s 
diagnosis of asthma and exposure to ETS. It noted that the variability in results may reflect 
differing ages of the children studied, differing exposures, or uncontrolled bias. -Recent studies 
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offer some additional evidence suggesting increased prevalence of asthma in children with 
smoking 1 parents, but the cumulative evidence remains inconclusive. 

Stern and covvorkers (1AS7) found that asthma is mot* prevalent before the age of two in 
smoking households Somerville and colleagues (1988) reported increased asthma attacks and 
morning cough in children 5 to 11 years old. but' the results were not statistically significant. 

Chen et al. (1988) found that asthma was reported rhore frequently-for children, in smoking 
families, but the increase was not statistically significant. 

A very recent article by Weitzman el al (1990) reports significant increase in childhood 
asthma with maternal smoking. Data from the Child Health Supplement to the 1981 National 
Health Interview Survey were analyzed 1 with information about 4331 children aged 0 to 5 years 
to study the relationship betweem maternal: smoking. It was found that maternal cigarette 
smoking is associated with higher rates of asthma, an increased likelihood of using asthma 
medications, and an earlier onset of the disease, independent of a number of potentially 
confounding variables. Children whose mothers smoke one-half pack or more per day are twice 
as likely to have asthma and are four times as likely to use asthma medications as children of 
mothers who do not smoke. The authors caution that all information in the study is based on 
parents’ reports (which may be a source of bias as discussed previously)! 

A study relating bronchial responsiveness in parental smoking was conducted by Martinez 
and colleagues (1988). Questionnaires were administered to parents of 172 Italian children 9 
years old regarding parentali smoking habits, the child's and family’s history of respiratory illness 
and symptoms, the number of persons living in the house, the number of rooms in the house, 
and'the type of heat. Skin prick tests and a flow-volume spirometric test were also 
administered. Male children with smoking parents had a statistically significant increase in 
bronchial responsiveness (BR) when compared to those whose parents did not smoke (odds 
ratio, OR = 4.3);. No:significant increase in BR was found in female children of smoking 
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parents (OR = 0.5), The relationship between BR imchildren and smoking im parents was 
stroncer in asthmatics (p = 0 02) and remained significant after controlling for asthma and 
atopy. BR was significantly correlated with atopy. This was also true for nonasthmatic children 
and for both males.and 1 females separately. Male children! of smoking parents had increased 
reactivity-to allergens as assessed by the skin prick test index (p = 0.001); It was hypothesized 
that passive smoking, by increasing the frequency of BR and of atopy., may increase the risk of 
asthma in childhood, particularly in boys. 

The following study by Gellfer-Bernstein et al. (1987) is included in this section on asthma 
because, as the authors discuss, atopic children with post-infancy wheezing often suffer from 
asthma throughout childhood. The authors recorded the clinical course and sequential IgE 
values in a 4-year prospective study of 80 atopic wheezing children between the ages of 6 
months and 5 years. Although there was no correlation between increase of IgE levells and type 
of feeding or exposure to cigarette smoke, statistical data confirmed that bottlb feeding and 
parental smoking lead 1 to persistent wheezing in atopic childreni 

Neuspiel et al. (Section 5.4.3.) found no evidence of increased prevalence of asthma in 
children of mothers who smoke, but did find a significant increase im wheezy bronchitis in those 
children up to 10 years of age. 

5.7.4. Symptoms in Asthmatics 

The U.S. SG and NRC found some evidence that ETS exposure may increase the 
frequency or severity of attacks of bronchoconstriction in asthmatic children, but results have 
been inconsistent and difficult to compare. The stability and the mechanisms of 
bronchoconstriction differ among asthmatics and study populations have not always been fully 
characterized. The NRC notes several unresolved issues. For instance, what proportion of a 
clearlv defined population! of asthmatics do react to ETS? If the patients are selected according 
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to methylcholine or histamine responsiveness, criteria should he given tbr the extent of 
responsiveness since it is a continuum. These issues remain unresolved, although recent studies 
contribute additional results to the accumulating evidence on this general topic. 

Murray and Morrison (1989)'reported in a previous article (1986); that asthmatic children 
with mothers who smoke have substantially reduced lung function compared to those whose 
mothers do not smoke. Their current study of'415 nonsmoking asthmatic children 1 found that 
asthma symptoms (based on an asthma score) were more severe if the mother smoked, with 
boys apparently more affected than girls. Compared to hoys with nonsmoking mothers, there 
was also a significant decrease in FEVj„ FEF 2S . 7V and PC 20 ,in boys with mothers who smoke. 
Maternal smoking was not significant for lung function tests in girls. When analyzed by age 
categories, 1 to. 6 , 7 to IV, andi 12 to 17, an age effect became apparent. In the youngest 
category, there was no significant effect of maternal smoking nor any indications of asthma 
severity. In the intermediate age category, there was a significant difference in asthma severity 
(as measured by an asthma score): but not in FVC, FEV 1} FFF^ ^, or PC 20 . In the oldest 
category, however, maternal smoking was significant for all but FVC. These results are in 
contrast to those for asthmatics with nonsmoking mothers where lung function improved 
significantly with age. 

Evans and colleagues (1987)ievaluated 276:asthmatic children for association of ETS 
exposure with frequency of emergency room visits, hospitalizations, and impaired pulmonary 
function Although a strong association was found for emergency room visits, no association of 
passive smoking was detected for hospitalizations or abnormalities of pultnonary function (FEV lv 
FEF 25 . 75 , and PEFR). The analysis of data from the National Health. Interview Survey by 
Weitzman et al. (Section 5.7.3.) found no relationship between maternal smoking and 
hospitalizations of asthmatic children up to five years of age. 
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5 .7.5. Non-Specific Ailments 

Ostro (1988) reviewed five years of data from the annual Health Interview Survey 
f conducted by the National Center for Health Statistics) and found that: the number of bed! 
disability days for children ofiage O to 6>years is 20% higher in households with a pack-a-dky 
smoker. A similar result was obtained for adult nonsmokers with a spouse who smokes. (The 
author notes that the use of disability days in bed as an indicator of acute morbidity is not a: 
strict measure of! respiratory impairment.) 

Charlton and! Blair (1989) found that children’s absence from school for minor ailments 
(e g., cokL, flu, tonsillitis) could be predicted on the basis of their own and their parents’ 
smoking habits four months earlier. The sample consisted of 2885 English children, 12 to 13 
years old. Passive smoke exposure was defined as neither parent smoked^ only the father 
smoked; only the mother smoked, or both parents smoked. Logistic regression indicated that 
whatever the children’s smoking habits, the proportion who were absent was higher when both 
parents or at least the mother smoked For children who never smoked the proportions absent 
were 17% if neither parent or only the father smoked vs. 21% if both parents or only the 
mother smoked. When children smoked "regularly," the proportion absent was 37% if neither 
parent smoked vs. 46% if both or only the mother smoked. Sex andi social background had. little 
effect. Although the authors relate absenteeism to ETS exposure, the evidence for a causal 
relationship is not apparent. 
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APPENDIX A 

SUMMARY DESCRIPTIONS OF ELEVEN CASE-CONTROL STUDIES 

BROW. The case-control study of risk factors for adenocarcinoma by Brownson et al. (1987)1 
inciudes23 never-smoker cases (19 femalfes)'among the 102 cases interviewed! All subjects were 
white, had microscopically confirmed cancers incident from 1979 to^ 1982, and were identified, 
through the Colorado Central Cancer Registry which covers the five county Denver 
metropolitan area. Ini the study as a whole, interviewed cases represented 68.5% of the 149 
cases meeting eligibility criteria^ Controls were chosen from persons with cancer at: sites 
unassociated with cigarette smoking and were matched to the cases on age and sex. Of the 169 
eligible controls, 131 (77.5%) were interviewed. Sixty-nine percent of the cases and 39% of the 
controls required surrogate respondents. 

Passive smoke exposure was analyzed both as a dichotomous variable based omthe 
smoking status of the spouse and as a stratified variable based on the hours per day that the 
subject was in the presence of persons smoking; Other variables pertain to previous smoking, 
education, income, occupation, and residence history as an indirect measure of exposure to total 
suspended particulates. 

The relative risk for adenocarcinoma among female never-smokers exposed four or more 
hours per day relative to a lower exposure was 1.68 (95% Gil = 0i39 - 2.97) after adjustment 
for age, income, and occupation. Similar nonsignificant risk estimates were shown when 
smoking by the spouse was considered as a dichotomous variable. The high proportion of 
surrogate source data led the authors to conduct parallel analyses limited to self-reported data. 
Results from those analyses were described as highly comparable and indicated possibly higher 
risks than those reported for all respondents. 


A-l 


05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffblOOOO 


2023552396 



DRAFT--DO NOT QUOTE OR C \TE 


Note : The number (19 female eases) of never-smokers in this study is much too small to 
make even a large observed oddk ratio (1.68) statistically significant. Further,,combining ever- 
snvokers; and never-s ackers (possibly, to'increase the sample size) makes the results diliicult to 
compare with previous findings: 


GAO. Gao; et al. (1987). report the results of a 1 large (M07 subjects.) population-based 1 case- 
control study of lung; cancer etiology in Shanghai! China, where lung cancer rates for women are 
among the highest ini the world. Potential 1 cases included all female patients with newly 
diagnosed primary’ lung cancer incident between February 1984, and February 1986, who were 
35 to 69 years of age at the time of diagnosis and were residents of urban Shanghai: After 
exclusion, of 93 patients whodied, the remaining 672 cases were interviewed! Eighty-one 
percent were diagnosed by tissue biopsy or cytology and 19 percent by repeated x-ray. 
Adenocarcinoma was the predominant (61%) diagnosis. Controls were frequency^matched 
within' five-year age strata and randomly selected from the general population of the Shanghai 
urban area. Of the total of 735 controls interviewed, only 9.7% were secondary controls, chosen 
mainly because the first selected control had moved from the Shanghai urban area or was found 
to be outside the eligible age range. The study includes 246 cases and 375 controls who were 
nonsmokers (presumably had never smoked cigarettes). Logistic models were used to estimate 
relative risks of disease adjusted for other study factors. 

Among all subjects no significant increase in risk was observed for overall ETS exposure 
during childhood! (OR = pp 95% CT = 0.7 - 1.7) or adult life (OR = 0.9, 95% Cl. = 0.6 - 
1.4). For these calculations, exposure was said to have occurred if the subject had ever lived 
withi a smoker. Hbwever, whem exposure was defined in terms of husbands’ smoking and the 
analysis was limited to nonsmoking women, lung cancer risks tended to increase with the 
number of years of exposure, with the highest observed risk (OR = 1 l7, 95% C.I. = 1.0 - 2.9) 
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occurring in the comparison of those with'40+ years;of exposure to those with 20- years 
exposure, after adjustment for age and education (Table II). The relative risk in this 
comparison was higher (OR = 2.9, 95% C.I. = LG 1 - 8.9) for squamous- and oat-cell carcinoma 
alone. No lest for trend over levels of ETS exposure was reported. 

In the discussion of the results, the authors note the upward trend im risk associated with) 
increasing years of exposure among nonsmoking women married to smokers. They conclude that 
ETS may be a contributing causative agent, but that other factors need to be considered as well, 
e.g., pre-existing lung disease, hormonal conditions, and especially exposure to cooking oil 
vapors. 

Note : The study was not undertaken specifically to look at ETS lung association. Despite 
the large number of nonsmokers, it was not possible (or the authors chose not) to use women 
married to nonsmokers as a comparison group in their Table II. That may have been 
necessitated by the high prevalence of cigarette smoking among Chinese males. 

GENG. In a brief article describing work similar in design and purpose to Gao et al, Geng el al 
(1987) report the results of their study of lung cancer risk factors among women living in 
Tianjin, where the rates of lung cancer mortality are the highest in China. All 157 female cases 
were resident in Tianjin for at least ten years and were pair-matched to 157 controls by sex, 
race, age (within 2 years), and marital status. Diagnosis was predominantly by histologic or 
cytologic review (84*7%), although computerized tomography (10.8%) and clinical or x-ray 
(4.5%) methods were also used to identify cases. The authors describe the case group as 
representative of Tianjini female lung cancer patients in terms of age and distribution of 
residents. They further state that the prevalence of smoking among the controls (40.8%) is 
similar to that seen among the Tianjin adult female population. The participation rates for cases 
and controls is not given, but other studies from China have reported very high response rates. 
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The study report available in the literature is: fairly brief. Neither the method tor 
assigning ETS exposure nor information! about personal smoking status are discussed! Both 
multiple conditional regression and stratified analytic techniques were used to calculate r<" orted 
risk estimates, but the authors do not stipulate which variables were controlled lor in the 
analyses. 

The authors report that among the odds ratios of passive smoking from husbands, 
fathers, mothers, and colleagues, only that from husbands is significant. However, it is not clear 
whether this applies to smokers and nonsmokers combined in the same analysis or whether the 
analyses of ETS were restricted to nonsmokers only. The authors do explicitly state ini Table 5 
that the odds ratio for lung cancer in nonsmoking women married to smokers is 2.16 (95% C.I. 

= 1.05 - 4l 53), but it is not clear why this estimate differs from the odds ratio of 1.86 for 
nonsmoking wives with smoking husbands in Table 7. The odds ratios for lung cancer increase 
with the number of cigarettes smoked per day by the husband and the duration of exposure to 
the husband’s smoking (Table 6), No. tests for trend are provided, however, and whether these 
findings apply to all subjects as a group or only to the nonsmokers is not clear. 

One interesting finding in Table 7 of this brief report is the similarity of estimated! 
effects associated with ETS exposure from a husband only (OR = 1.86, 95% C.I. = 1.04; - 3.5) 
and active smoking by the wife only (OR = 2.61, 95% C.I. = 1.4 - 4.6): Further, these 
independent risks can be seen to interact on ai multiplicative scale among smoking women 
married 1 to smoking husbands (OR = 4.9, 95% C.I. = 1.8 - 9.5). The authors did! not state 
whether these estimates were adjusted for other factors. 


HUMB. The study by Humblfe and colleagues (Humble et al., 1987) includes 28 incident cases 
described by interview to be lifelong nonsmokers (8 men, 20 women)i Cases were identified 
through the population-based New Mexico Tumor Registry while controls (130 men, 162 
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women) were chosem through randomly generated phone numbers and Health Care Financing 
Administration rosters of Medicare participants. Controls;were frequency-matched to cases by 
ten-year age groups and by sex. Subjects were the nonsmoking subset in: a larger study, ol lung 
cancer risk factors in which 88:5% of cases and 83TQ of controls eligible for interview, had 
participated. Of the 28 lung cancers among nonsmokers, 24 had a histologic diagnosis, in; the 
Tumor Registry record. However,, ini a separate review of histologic materials for 17 of these 
cases, only eight cell types concurred with the Registry: 

Subjects or their proxies were interviewed regarding their personal smoking.habits, 
smoking 1 by their spouses, and their occupational exposures. Surrogate interviews (usually with, 
the spouse) were necessary for 19 of the 28 cases,, but for only 13 of the 292 controls. No effect 
of information source was noted when analyses were run separately for selFreported and 
surrogate-reported cases using self-reported controls as the comparison group. Small! numbers 
precluded a separate reporting of the OR for males. 

An elevated risk of lung cancer was reported for all subjects combined and for females 
separately: Logistic models, which included adjustment for age and ethnicity and sex when 
appropriate, calculated ORs of 2.6 (90% C.I. = 1.2 - 5.6) for all 1 subjects and 2.2 (90% C.I, = 0i9' 
- 5.5) for females. Risk increased with the duration, of spousal smoking (chi-squared statistic for 
linear trend' 1 equals 2.01 for alii subjects and 1.23 for females alone); im cross-tabular analyses, but 
not in results from multiple Ibgjstic models. No trend was seen over the average number of 
cigarettes smoked per dhv by the spouse. Separate analyses:for current and former smokers 
revealed no increased risk associated with marriage to a smoker. 

Cell-line specific analyses were precluded by the small number of cases with, histologic 
confirmation of their diagnosis, the poor concordance of histologic designations in the Registry 
file, and the special review,. The high; proportion of cases with; surrogate respondents may 
actual!}' have improved the quality of data regarding exposure to a spouse's cigarette smoking,, as 
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spouses were the principal source of surrogate data. Exclusion of four former smokers (by 
information from other sources) did not alter the results. Size of the case series allowed only 
crude iratification of duration and amount when testing for trend . and may explain the 
marginal significance of findings reported separately for women. 

ENOU. In a case-control study of smoking and lung cancer in two Japanese cities, Inoue and 
Hirayama (1987) identified 37 women who died with lung cancer. Twenty-eight of these women 
(75.7%) were nonsmokers (definition not given)i Cases were matched for age, year of death 
(within 2.5 years), and residential district to 74 controls who had died of cerebrovascular disease. 
Sixtv-two (83.8%) of the controls were nonsmokers. Husbands’ smoking status was available for 
29 of the 37 cases and 54 of the 74 controls. Interviews were used to gather data for analysis, 
but the authors do not describe the characteristics or degree of relatedness of the surrogate 
respondents. Neither do they describe the degree of cooperation among the study subjects. 

The Mantel-Haenszel procedure was used to estimate the relative risks of disease 
associated with ETS, adjusted for age alone and for age and residbntial district (due to 
differences ini socio-economic status of the two areasji The odds ratios, stratified by age and 
district, are 2.58 (90% C.I. = 0.44 - 5.7) when' husbands smoked less than 19 cigarettes a day, 
and 3i09 (90% C.I. = li.04 - 11.81) when husbands smoked 20 or more cigarettes a day. The 
chEsquared test for trend is significant (p < 0.05). 

LAMT. The large case-control study by T.H. Lam and colleagues (Lam et al., 1987) assessed 
the respective roles of active and passive smoking in lung cancer etiology among wornem living in 
Hong Kong. Only patients with a pathologist’s confirmation (98% by histological or cytological 
review,) were included. Those with rare tumors, e.g,, carcinoids, were excluded. Women were 
interviewed in the hospital and them age-matched to healthy female controls selected from 
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within their own neighborhoods. Interviews took place between 108 a and 1986 and 
approximately 99% of all eligible subjects responded: Never-smoker status for both subjects and 
their husbands was defined as having never smoked as much as one cigarette: a day, or its 
equivalent in other tobacco products^ for at least one year. A woman was;considered exposed 1 to 
her husband’s tobacco smoke if she had lived with her smoking husband in the same household 
continuously for at least one year. If the husband was an ever- smoker, information on the type 
of tobacco and amount usually smoked per day by the husband and the duration of exposure 
was obtained. Never-married women were included as nonexposedi to ETS. The authors 
describe the results of separate analyses om cigarettes only and on all forms of tobacco as similar 
and only report the latter. RR and 95% confidence intervals; were calculated for each level of 
ETS exposure. The Fisher’s Exact Test (two-sided) was used to check whether the RR was 
significantly different from unity. Multivariate methods do no appear to have been used. 

Among the total of 444 cases and 443 controls were 199 cases and 335 controls who had! 
never smoked and for whom data on husbands’ smoking were available: For never-smokers the 
RR for king cancer of all types from ETS exposure is 1.65 (95% C.I. = 1 16 - 2.35); for 
adenocarcinoma the RR is 2.12 (95% C.I. = 1.32 - 3.39). The risks for small and large cell 
carcinomas are 3.00 and 3.11, respectively, but these estimates are not statistically significant. 
Trends in relative risk for cancer at all sites, and! for adenocarcinoma by the amount of tobacco 
smoked daily by the husband, are both significant with p < 0.001. The authors discount the 
possibility that misclassification bias could! Have lead to the observed results, given the low 
prevalence of smoking (4.1%) among women in Hong Kong and the strength of the findings in 
the present study. 

LAMiW. The dissertation of Lam (Lam, 1985) was the third case-control study of risk factors 
for lung 1 cancer among females in Hong Kong: The nonsmoker cases, all with histologic or 
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cytologic confirmation of adenocarcinoma^ were part of a larger case series ot 1 Cl interviewed 1 
Chinese female lung cancer patients diagnosed at a large, regional general hospital between 
Januaiyl981 and April 1984. Fifteen cases with three other lung cancer histologies, as wellias 
any patients with metastatic disease, were not included., Nonsmoking controls (n = 1144) were 
part of a larger series of 1:85 Chinese, mostly lower income female patients adhnittedi to the 
orthopedic wards between 1982 and 1984. Cooperation of potential subjects exceeded;99%. 

There was little difference in the ages,, occupations, years of schooling, or recent 
residences of the 161 cases and 185 controls, so the author deemed it unnecessary to control 1 for 
(stratify on): these variables in the analysis of the 60 nonsmoking cases with adenocarcinoma and 
144 nonsmoking controls. Exposure to ETS was categorized separately for husbands and other 
sources, e.g,, cohabitating relatives or coworkers. Subjects, were aNo queried regarding exposure 
to smoke from kerosene stoves and incense. The author interviewed all cases and, with a single 
research assistant, all controls: Thus, one may assume that interviews were not "blind:” 

The strongest and most statistically significant associations of ETS were with peripheral 
adenocarcinoma, with the highest odds ratio (2:64) occurring when exposure was based solely on 
husbands’ smoking behavior. Estimates of relative risks of 1.6 and 1.7 were found for centrally 
located tumors when ETS was based on the husband’s habits and total exposure to passive 
smoking, respectively. When data from Table 7.5 of the study are summed over sites, relative 
risks of approximately 2.0 are obtained with p < 0:05, regardless of exposure classification 
scheme. All odds ratios appear to be unadjusted for any other study factors. No statistically 
significant risks from kerosene or incense w-ere found. The author concludes that the small 
sample size and use of only a single hospital source for subjects: are limitations. Logistic 
regression was used in the statistical analysis^ along with Bayesian risk-ratio procedure. 
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SHIM. Shimizu and his colleagues (Shimizu et al., 1988) use a hospital-based case-control study 
of lung cancer ini women to examine the effect of involuntary exposure to tobacco smoke from a 
variety of sources; Among 118 female patients with histologically confirmed lung cancer, 90 
reported having never smoked cigarettes. Cases were matched on hospital, age (within 1 year), 
and date of admission to patients being seen for conditions generally unrelated to tobacco use 
Ail subjects were asked to complete a questionnaire about occupational history, kinds of fuels 
used for cooking and heating, and smoking habits, including number of cigarettes smoked daily 
by parents, siblings, the husband^ and the husbands’ parents in 1 the home, as well as the amount 
of time spent in the same room with the husband, and the duration of marriage. ETS exposure 
at work was simply categorized by presence or absence of smokers. 

Nb association was observed between risk of lUng cancer and smoking by husbands, 
fathers, siblings, or coworkers. However, increased odds ratios were seen for smoking by 
subjects’ mothers (OR = 4.0, p < 0.05); and by their husbands’ fathers (OR = 3.2, p: < 0.005). 
Dose-response relationships were not apparent for exposure by the mother or the husband’s 
father, but the authors suggest that subjects may have been unable to recall the exact number of 
cigarettes in some cases (especially in childhood). 

It is not clear whether variables such as occupational exposure to iron and other metals, 
or type of heating fuel, were assessed. Neither is there mention of cooperation rates by cases 
and controls. Adjustment of odds ratios for smoking by mother, smoking bv husbands" father, 
and occupational exposures to iron and other metals, caused modest reductions in the point 
estimates, although smoking by husband’s father in the home, (adjusted OR = 3.2) is still 
significant with p < 0.005. The authors describe this association as plausible since a high 
proportion of Japanese wives live with their in-laws after marriage and their father-in-law may 
have already retired. «. 
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SVEN. The study of lung,cancer etiology in women who had never been regular smokers by 
Svenson eti all (1988) includes 34 cases with microscopically confirmed non-carcinoid cancer. 
Cases were patients: referred to-one of four clinical departments that diagnose or treat lung 
cancer in. Stockholm county, Sweden. Only patients who would not benefit from specialist care, 
or who were not in physical or mental condition to allow an interview, were excluded from 
eligibility. Cases were matched on i age using; random selection from the population register ini 
Stockholm County. Only seven subjects refused to>be interviewed, resulting in a; sample ofi 210! 
cases and 209 controls. Cooperation of nonsmoking cases and their matched controls was 
presumably high as well. 

Four physicians completed all interviews using a structured questionnaire that included 
ETS exposure during chiidhoodj as well as domestic and work environment exposure during 
adulthood. Other questions concerned the consumption of foods rich in vitamins A and C, and 
information about the dwellings where a subject had lived for more than two years. No 
surrogate sources of information were used and squamous/small cell carcinomas constituted 
57.9% and 1 20.6% of the case histologies, respectively. 

Women who lived with a smoking mother as children (RR = 3.3), or were exposed to 
ETS both at home and at work (RR = 2.1), or were exposed both as children and as adults (RR 
= 1.9), showed the highest risks. However, all estimates had very wide confidence intervals 
owing to the small sample size, and tests of association between ETS exposure and lung cancer 
incidence and tests for trend were alii nonsignificant. 

The authors describe the results; for ETS as inconclusive, but note that most estimates of 
relative risk are greater tham unity. The statistical power to detect an increased risk of 50% from 
exposure to ETS was only about Oil. The author suggests that information bias may have 
precluded the identification ofi statistically significant small increases in risk. Specifically, no 
information on the duration or intensity of ETS exposure was obtained in the study, so it was 
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difficult to. assess the relative importance of domestic and workplace exposures. Several 
statistical methods were applied! to. the data, including stratified analyses and multiple logistic 

regression. 


VARE. The case-control study described by Varela in his 1987 dissertation ('Varela, 1987) is 
based on 439 histologically confirmed primary lung cancer cases incident in nonsmokers over an 
18-month period in upstate New York. Sample size requirements were set large enough that 
detection of a relktive risk of the size reported by Hirayama and Trichopoulos would'be likely. 
However, to reachi the calculated requirement of 450 matched case-control pairs, it was 
necessary to include former smokers (55% of sample) in addition to never-smokers. Cases were 
identified through a special rapid reporting system in all participating hospital^ and through 
periodic review of the New York State Cancer Registry. Controls were matched to cases on 
residence, age (within 5 years), sex, smoking history, and whether the interview was with the 
subject (67%) or with a surrogate. (33%); Standardized interviews were conducted to collect data 
describing exposure to a spouse’s cigarette smoke in terms of cig./day^ total years of smoke 
exposure, and total cigarettes smoked during the marriage. Information was also collected on 
total exposure from all smokers in the household, from coworkers on the job, and from exposure 
in social circumstances. The potentially confounding variables considered in the analysis include 
religion, income, marital status, other occupational exposures, and: number of cigarettes 
smoked/'day for former smokers. The study’s total of 439 cases represents a cooperation rate of 
84% among.those selected for interviews. 

The author provides a systematic and exhaustive analysis based on linear logistic models 
for pairwise: matched data. These data were collected as continuous.values to allbw, analysis.by 
source of exposure, e.g„ ; spouse, other household smokers, coworkers* and social encounters, 
using methods for both continuous:data and for categorical data. Analysis of household! exposure 
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was further complicated by the use of two: alternative assumptions regarding missing data for 
exposure at previous residences. 

After extensive analyses no index of exposure tty spouse’s tobacco: on smoking by 
coworkers was associated with an increased risk for lung cancer. However, person-years of total 
exposure from all smoking household members: showed a statistically significant linear trend. 
When exposure was fitted as a continuous variable, the unadjusted! odds ratio associated with 
150 person-years of exposure was 1.86 (95% C.Il = 1.22 - 2.83). Adjustment for the potentially 
confounding variables listed above reduced! the OR for 150 person-years of exposure to 1.56 
(95% C.I. = 1.00 - 2.41). Exposure to passive smoke in social situations showed:an anomalous 
protective effect in both adjusted and unadjusted models (iTablb*20' to 22 and Figures 25 to 28), 

Note : The study contains extensive statistical! analyses of which only a small part have 
been described here. When a large number of tests are made, the likelihood that one or more 
statistically significant results will occur by chance alone increases. This can cause results to be 
interpreted as more significant than may be justified' 

The author suggests that his own finding of no effect from exposure to spouses’ smoke is 
understandable because the smoking habits of a spouse may not accurately describe true 
exposure to passive smoke. By contrast, the household! exposure variable which was designed to 
more fully capture exposure in the home was the only index that was associated with increased 
risk of disease in this study. The greater association of household exposures with epidermoid 
and small: cell histologies (Tables 12, 13; 15, 16) is not inconsistent with the apparent' specificity 
of effect observed in PERS and GARF. One difficulty with comparing the Varela; study with 
other case-control studies is the inclusion of either males with females or ex-smokers with never- 
smokers, in the reported results. Although the analysis is very comprehensive, no reports for the 
risk of female never-smokers alone were found: The author suggests that differences in past 
smoking habits of cases and controls may have a confounding effect. Although identical 

A-12 05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffbl0000 


2023552407 



DRAFT-DO NOT QUOTE OR CITE 


proportions of cases and controls were former smokers, cases, had smoked a larger number of 
cig./day (28.9 vs. 23.8, p = 0.0002). Former smokers were not included, however, unless they 
had stopped smoking at least ten years prior to the interview. The author questions the validity 
of ani apparent significant protective association from ETS in social circumstances, suggesting 
the possibilities of biased reporting and questionnaire artifacts;as alternative explanations;for 
this finding. 

WU. Wu and her coauthors (Wu et all, 1985) report the effects of ETS exposure as pan of a; 
larger study of determinants of lung cancer among white women living in Los Angeles County. 
Eligible cases included only patients with microscopically diagnosed primary adenocarcinoma 
(ADC) or small cell carcinoma (SCC) of the lung, incident between April 1, 1981, and August 
31, 1982. Subjects also had to be English-speaking residents and less than 76 years old' at the 
time of diagnosis. One neighborhood control was individually matched to each interviewed case 
using date of birth (within five years). 

From a total of 490 eligible cases (smokers and nonsmokers), 190: were dead or too ill to 
participate, eight could: not be located and 44 refused to be interviewed; leaving 220 (44.9%): as 
the interviewed case group. After replacement of 85 potential controls who refused to 
participate, 220 ! controls were also interviewed. Surrogate respondents were not used because 
they \vere thought to be an unreliable source of information for ETS exposures, and dietary 
practices in. childhood, this article reports 29 cases (ADC) with 62 controls, but does not: 
include the percentages exposed to'spousal smokings Also, it is noted that 15 pairs of the ADC 
were deleted from the analysis because either the case or control was never married. 

Cases and control^ were interviewed 1 by telephone regarding personal 1 smoking habits, 
exposure to ETS, history of lung diseases, dietary intake of vitamin A, types of heating and 
cooking fuels used, and reproductive history. Information obtained!about childhood exposure to 
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ETS included the amount andyears of smoking by fathers, mothers, and other household! 
members. Questions on exposure in adulthood pertained 1 to smoking habits of spouses and other 
household members. 

Study data were adjusted for potential confounding variables by application of logistic 
regression. Estimates for the relative risk of ADC are provided separately for nonsmokers, 
ex-smokers, and! current smokers, but a small 1 number of occurrences precluded'the 
corresponding calculations for SCC. For ADC and SCC among smokers and nonsmokers 
combined, no significantly increased risks were observed due to smoking by the subject’s mother, 
father, spouse, or coworkers after adjustment for personal smoking habits. For the 29 
nonsmoking ADC cases exposed to passive smoke, no significant elevated risk was associated 
with ETS exposure from a mother who smoked, a father who smoked, a spouse who smoked, or 
from the workplace. The observed relative risk for ADC increases with the number of years of 
adult ETS exposure from spouse(s) and coworkers, but a test for trend is not statistically 
significant. The authors attribute the ambiguous nature of their results to the lesser etioiogic 
role of ETS for ADC compared to SCC Further, 12 (41%) of the 29 ADC cases are 
bronchoalVeolar cell carcinomas, which Correa et al. (1983) found to have a relatively weaker 
association with passive smoking. 
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APPENDIX B 

MATHEMATICAL FORMULAS AND RELATIONSHIPS 

ADJUSTING RELATIVE RISK FOR SMOKER M ^CLASSIFICATION AND 
BACKGROUND ETS EXPOSURE 

The formula relating observed relative risk (RRO) and the value after adjustment for 
misclassification (RRM) is shown in Equation B1 below, with terms described in Tables B-l and 
B-2. The caltulational procedure is similar to that of Wald et al. (1986), except that separate 
terms for former smokers and current smokers are retained (instead of being combined into a. 
single term for ever-smokers) and distinction is made between "correct" values and "reported" 
values, e.g., for the number of never-smokers. It may be noted that an assumption of additive 
risks due to: current or former smoking; and exposure to spousal smoke, is implicit. 

RRO = UY/VX (HI) 

where U = [(C c -C r )/N,]P(E/C)RR(E/C) 

+ [N c /N r ]P(E/N)RR(E/N)i 
+ l(F C -F r )/N r ]P(E/F) RR(E/F), 

V is The same as U with the terms for RR omitted, 

X = [(C c -C r )/N r ] [1-P(E/C)]| RR(E/C); 

+ [N c /N r ] [1-P(E/N)j RR(E/N) 

+ [(F c -F r )/N r ] [1-P(E/F)] RR(E/F), 

Y is The same as X with the terms for RR omitted, 

RR(E/N) = RRM, the relative risk after adjustment for misclassification, and 
RR(E/C)= RR( U/C) + (RRM - 1), 

RR (E/F) = RR (E/F) + (RRM - 1). 
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TABLE B-l. DEFINITION 1 OF TERMS IN EQUATION B1 RELATING OBSERVED 
RR (RRO) AND ITS VALUE ADJUSTED FOR MISCLASSIFICATION (RRM) 


\ 

Termi 

Description 

N r 

Reported number of NS (never-smokers) 

N c 

Correct number of NS (never-smokers) 

c„ 

Reported number of CS (current smokers) 

c £ 

Correct number of CS (current smokers) 

Fr 

Reported number of FS (former smokers) 

F c 

Correct number of FS (former smokers)' 

P(E/N) 

Proportion of NS exposed? 

P(E/C) 

Proportion of CS exposed? 

■■ 

P(E/F)' 

1 

Proportion of FS exposed 2 

RR(E/N) 

Risk of lung cancer death (LCD) for NS 
exposed, relative to NS unexposed 3 

RR(E/C) 

Same as RR(E/N) except for CS exposed 3 

RR(E/F) 

Same as RR(E/N) except for FS exposed? 

RR(U/C): 

Same as RR(E/M) except for CS unexposed 3 

RR(U/F) 

Same as RR(E/N) except for FS unexposed 3 


1 Table applies to marrieds. 

• "Exposed" means married to a smoker. 

31 RR(E/N): equals RRM in the text notation. 

RR(U/C) is the relative risk of smoking, a parameter value. 

RR(U/F) is the relative risk of former smoking, a parameter value. 

RR( E/C) = RR(U/C) + (RR(E/N) - 1). Assumes relative risk of exposed'smoker 
is the sum due to smoking and spousal exposure to ETS. 

RR(E/F) = RR(U/F) + (RR(E/N) - 1). Same assumption as for RR(E/C)'except 
applied to former smokers. 
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TABLE B-2: PARAMETERS AND THEIR ALTERNATIVE SPECIFICATIONS 
REQUIRED FOR EQUATION (Bl): 


Parameter 

Appears in 

Parameter 1 

Description 

Identifier 

(Bl) ? 



VII 

Y 

(C c -C,)/N r 

Proportion of reported never-smoxeas. 




(NS) who are:current! smokers (CS) 

V2 

Y 

(F C T',)/N, 

Proportion of reported NS who are 




former smokers (FS) 

V3 

Y 

Nc/'N, 

Proportion of reported NS who are NS 

V4 

Y 

P(iE/N!): 

Proportion of NS exposed (married to 




a smoker) 

V5 

Y 

P(E/C) 

Proportion of CS exposed 

V6 

Y 

P(E/F) 

Proportion of FS exposed 

V7 

Y 

RR(U/C) 

Risk of misclhssified CS,, not exposed. 




relative to NS, not exposed 

V8 

Y 

RR(U/F) 

Risk of misclassified FS, not exposed. 




relative to NS, not exposed 

j V9 

Y 

RR(E/N) 

Risk of NS, exposed, (= RRM) relative 




to NS, not exposed 

VI0 

Y 

RR(E/C) 

Risk of misclassified CS, exposed, relative 




to NS, not exposed 

V I li 

Y 

RR(E/F) 

Risk of misclassified FS,exposed, relative 




to NS, not exposed 

V12 

N 

C r /T 

Proportion of subjects reported to be CS 

V13 

N 

CJT 

Proportion of subjects correctly classified 




CS 

V14 

N 1 

(C c -C,)/C c 

Proportion of CS reported to be NS 

V15. 

N' 

N r /T 

Proportionof subjects reported to be NS 

V16 

Ni 

N c /T 

Proportion! of subjects correctly classified 




as NS 

V117 

N 

F r /T 

Proportion of subjects reported to be 




former smokers 

V18 

N 

F c /T 

Proportion of subjects correctly classified 

1 



FS 

VI9 

M 

tl 

i 

(F c -F r )/F c 

Proportion of FS reported to be NS 


’ "T" is the total number of subjects. 
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RRO is just a ratio-of weighted relative risks. The term U/V applies to exposed subjpcts, 
and X/Y applies to unexposed subjects. To make the relationship more transparent, consider 
the special case where the proportion of all subjects (regardless of their own smoking habits) 
married taa smoker is one-half and there is no misclassification of former smokers. Then RRO 
can be written as RRO = A/B, where A = (no. of misclkssified CS exposed) times (their 
relative risk) + (noj of correctly classified NS exposed)times(their relative risk) and B is the 
same as A except with "exposed" replaced by "unexposed." All of the relative risk terms are 
relative to the same value (the lung cancer risk im unexposed never-smokers) so the ratio A/B is 
the risk observed in exposed subjects relative to the risk observed in unexposed subjects. 

The terms in expression Equation Bl, stated as proportions of the number of reported! 
never-smokers (N r ), may need to be converted from alternative parameter specifications. For 
example, the misclassification rate of current smokers, (C c - C r )/C c ), may be specified instead of 
the proportion of reported misclassified current smokers, (C c - C r )/N r ). In the literature, 
"misclassification" is usually referred to as a percentage or proportion of a reference group, but 
authors do not all have the same reference group in mind. Conversion of parameters make 
some values more interpretable, as well. Formulas for conversion of parameters between 
reported and correct classifications are given in Table B-3. 

The procedure used to account for ETS exposure from sources other than spousal 
smoking is described! in the NRC report (1986). It is assumed! that lifetime lhng cancer risk 
from exposure to ETS is linear in the range of environmental exposures to ETS. RRM is the 
risk of never-smokers (NS) exposed (e,g., married to smoker) to ETS relative to unexposed NS 
(e.g., married to a never-smoker). Both the exposed and unexposed NS experience ETS from 
sources other than what differentiates their classification in epidemiologic studies (typically, 
"exposed" means married tO'a smoker). .^sr}.. 
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The terms RRB and RRM denote the risk of exposed NS relative to NS with zero 
exposure to ETS, and relative to an unexposed NS, respectively, where an "unexposed" NS is not 
married to: a smoker but experiences ETS from'other sources collectively, referred to as 
background sources. 


TABLE B-.T CONVERSION OF PARAMETERS BETWEEN REPORTED 
AND CORRECT CLASSIFICATIONS 


From Correct Values to Reported Values 
Let W = (V13)(V14) + V16 + (V18)(V19) 
VI = (:V13)(V14)/W 
V2 = (V18 + V19)/W 
V3 = V16/W 

From Reported Values to Correct Values 

V14 = fVPfVm 
(Vl)(V15) + V12 

V16: = VH5 - (V1)(V15) - (V2)(V15) 

V19 = f:V2VfV15’l 
(V2)(V15); + V17 
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If R(E), R(U), and R(TU) denote the absolute risk (lifetime probability of lung cancer) for 
exposed, unexposed, and truly unexposed (no background exposure to ETS) NS, respectively, 
then RRM = R(E)/R(U), RRB = R(E)/R(TU), and R(U)/R(TU) = RRB/RRM. 

Let Z be the ratio of (1) the excess risk of exposed NS relative to truly unexposed 1 NS, and 
(2) the excess risk of unexposed NS relative to a truly unexposed NS. Then, Z = (l)/(2) = 

( RRB-l)/( RRB/RRM - 1): In this report, Z = 3 is assumed (see Section 4.4.4), RRM is the 
observed relative risk (RRO) after adjustment for smoker misclassification. For values of Z and 
RRM, 

RRB = (1 - Z)/(l - Z/RRM) (B2) 


POPULATION-ATTRIBUTABLE RISK (PAR) 

Let RRB and RRM be as defined previously. The population-attributable risk is the ratio 

of the excess risk due to ETS exposure to the total risk from all sources. 

PAR = PfE/NKRRM - jji + CRRB-RRMY (B3) 

P(E/N)(RRM - 1) + (RRB-RRM) +1 

where P(E/N) is the proportion of NS exposed to ETS. Note that all NS are at risk from 
background exposure (the term RRB - RRM) and the exposed persons have an additional risk 
from ETS exposure (the term. RRM - 1). 


LUNG CANCER DEATHS IN FORMER SMOKERS ATTRIBUTABLE TO ETS 

It is assumed that the RR of lung cancer from exposure to ETS is the same for former 
smokers (FS); and never-smokers (NS). The number of lung cancer dfeaths per year irn FS due 
to ETS exposure is approximated from the ratio of the number of FS to the number of NS in 
the U S: population times the estimated' number of lung cancer deaths for NS (1750 women, 810 
men). The number of NS (FS) in the 1985 U.S population is 55.4 million (17.1 million) women 
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and 32:8 million (29.1 million) mem (Table 2, U.S. SG (1989]). The estimated number of lung 
cancer deaths in FS is 540 women and 720 men, for a total of 1260. 
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APPENDIX C 

DOSIMETRY OF ENVIRONMENTAL TOBACCO SMOKE 


C.l. INTRODUCTION 

The biological! relationship between, exposure to tobacco smoke and lung 1 cancer risk has 
been the.subjects of much research. The constituency of tobacco smoke is a. complex mixture of 
chemical^ a number of which have been classified as carcinogens, with varying 
weights-of-evidence. Research continues toward identifying the agents of tobacco smoke, and 
their combinations, : that account for the carcinogenic risk to the lhng and other organs. In 
addition to knowledge of the chemical agents of interest, a part of the biological puzzle 
concerns the intake, uptake and organ deposition of the chemicals. Once organ dose is 
determined, the problem concerns the process by which dose poses a cancer risk. In this last 
step, pharmacological research, dose-response data from animal or epidemiological studies, ana 
quantitative models all contribute toward estimating the magnitude of increased cancer risk 
associated with environmental exposure levels. The following discussion addresses the second of 
the three steps above, the determination of target organ dose (or surrogate) of chemicals 
present in tobacco smoke, in particular the dose to the lung. A general mathematical 
framework is given, that applies to both active and passive smoking. It will be helpful first to 
review briefly the current knowledge base regarding carcinogens in tobacco smoke. 

The constituents of tobacco that have been identified as carcinogens, largely in animal 
studies, are discussed in several sources, e.g., NRC, 1986; U.S. SG, 1986; IARC, 1987; Hoffmann 
and Hecht, 1989. The relative concentrations in sidestream (SS) and mainstream (MS) smoke 
vary over a range of severalfold, for both the particulate and vapor phases. Hoffmann and 

Hecht (1989); classify the tumorigenic agents in tobacco and tobacco smoke as polycyclic .. 

aromatic hydrocarbons (PAH), aza-arenes, N-nitrosamines, aromatic amines, aldehydes, 
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inorganic compounds, and miscellaneous organic compounds. Particularly relevant to active 
smoking are the PAH, Nmitrosamines (notably NNK or NNK-4-(methyIlnitrosamino)-l-(3- 
pyridyl)-l-butanone); and the aldehydes. Based on animal bioassays, the levels of exposure to 
active smokers of PAH and NNK are sufficient to be potential causative agents of respiratory 
tract cancer. More specifically, likely causative agents for cancers of the lbng or larynx from 
active smoking include PAH, with enhancing agents catechol! (a cocarcinogen) or a weakly 
acidic tumor promoter; NNK, with enhancing agents acrolein or crotonaldehyde (some 
uncertainty in the latter); acetaldehyde; formaldehyde; and Polonium-210' a minor factor (Table 
4, Hoffmann and Hecht, 1989). 

Of course it is unknown exactly which constituents of tobacco smoke, active separately or 
ini combination, account for the lung cancer risk in active smoking and may pose a risk to 
passive smokers. It is unlikely that causative agents are exclusive to either the particulate or 
vapor phase, so both phases need to be considered. The level of detail that can be included in 
modeling lung exposure requires knowledge of parameter values and information on biological 
mechanisms to describe them by equations. The most refined level, biologically-based modeling, 
potentially provides a sensitive means by which to compare and contrast features of active and 
passive smoking. This is particularly relevant because active smoking has been the subject of 
much research in the past. Typical exposure levels to environmental tobacco smoke (ETS) can 
be evaluated under suitable models, the sensitivity of selected parameters tested, and parameters 
identified that may heljyto characterize potentially hypersusceptible subpopulations* Aside from 
the differences in the composition of SS and MS smoke, active and passive smoking ostensibly 
differ in fundamental ways that must be considered. Active smokers are exposed to high 
concentrations of inhaled smoke for short durations while passive smokers are exposed to lower 
concentration at their typical volumetric breathing rate over a more extended time period. 
Additionally, the active smoker is generally a passive smoker as well. 
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There are some common features of intake, uptake, and lung deposition for agents in the 
particulate phase of tobacco smoke that depend on particle size and! density: This makes it 
useful to consider the particulate and vapor phases separately in a mathematical model. Unlike 
the particulate phase, constituents of the vapor phase may not have any parameter values in 
common and thus have to be treated individually. When a chemical occurs ini both! phases, the 
biokinetics are determined! separately for the two phases, at least prion to entry into cells and 
tissues. 

For the general framework described in the next section to be useful for cancer risk 
assessment, it is necessary to assume that the contribution of ETS to cancer risk in the lung 
depends primarily on dose to the lung (although host factors will modify this risk). The model 
identifies the parameters needed for dose determination and their interrelationship. Since 
values for parameters, or data; from which to estimate them, are not always available in practice, 
several measures related to exposure are provided to accomodate the level of detail in the 
information available. These include, in increasing order of refinement and information' 
required: exposure concentration (in room air), cumulative exposure, lung intake, lung uptake, 
lung burden, lung dose, and dose distribution in systemic organs. 

Although many aspects of the biokinetics of passive smoking and active smoking are not 
fully understood, much is known about critical and separate features of passive and active 
smoking. Quantitative modeling reveals the structure and! interrelationship of the basic 
biokinetie features, serves to identify areas of research needed, and shows where assumptions 
are required to: bridge current gaps in knowledge regarding mechanisms or chemical; properties, 
lim this: sense:a qqantitative model that integrates the current knowledge base over several 
disciplines is a useful guide to the current state-of-knowledge and future research needs. It alfco 
contributes; to evaluation of dose surrogates for ETS and the potential comparative basis; for 
lung cancer risk from active and passive smoking; " ' 


C-3 


05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffblOOOO 


61VZSSCZ0Z 



DRAFT-DO NOT QUOTE OR CITE 


C.2. GENERAL ISSUES 
C.2.T The Lung 

Suppose we are interested in a mixture of chemicals such as ETS, where these chemicals 
may exist either ini the vapor or particulate phase. In general, the vapor phase chemicals are 
inhaled and absorbed in the lung with characteristics specific to that'chemical, i.e., the diffusion' 
coefficient and solubility coefficient for that chemical in lung tissue. The chemicals existing in 
the particulate phase, however, are inhaled and deposited with characteristics specific to the 
particle size with which the chemicals are associated. For this reason, it is necessary, to 
understand the aerodynamic properties of inhaled particles. To differentiate between the vapor 
and! particulate phase of a chemical, the subscript v (for vapor) will be employed, wTile the 
subscript d (for the particle's aerodynamic diameter) will be employed for the particulate phase 
chemicals. 

The simplest, but most approximate, measure of dose from a chemical is its concentration 
in air. This concentration typically is referred to as the exposure intensity and denoted by C. 
An index i will refer to the i th chemical of a mixture contained in ETS. The subscripts v and d 
will denote the vapor phase and particle phase, respectively, with d taking a particular value for 
particle diameter. For example, C N0j5 is the concentration of the N* h chemical; e.g„ nicotine 
(g/m 3 ), attached to aerosol particles of diameter 0.5p, Then C N v would denote the 
concentration of nicotine (also in g/m 3 ); in the vapor phase. The total exposure intensity for 
nicotine would be the sum of C Nja5 and C Nv , although this should not be interpreted as a. 
reduction of the two phases to a common measure of dose. The subscripts for chemical and 
vapor phase will be omitted for ease of reading, except as needed. Since the incidence of effect 
per unit concentration can be quite different for these two components, total exposure intensity 
may act as a poor measure of risk. 
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The cumulative exposure, 0', over a time interval [p; T);is 

#(T)' = \ T cm. in 

Jo 

where C(t) is the concentration of the chemical in air at time t. At constant' concentration C, 

0(7) = C k T. ( 2 ) 

The total cumulative exposure: over [0,T] is obtained by summing all contributions, from the 
various phases in units of gram-days per liter of air (g-d/L): 

The total amount of inhaled chemical will be referred to as the lung intake, I. Let V be 
the volumetric breathing rate (L/min), which equals the product of the tidal volume (L) and the 
breathing 1 frequency (min* 1 ): The value of V may change with age (Crawford-Brown, 1987), in 
which case the dependence of V on an individual’s age can be made: explicit in the notation. 

The lung intake for the il h chemicall during 1 an interval of length T is 

I(T) = V x 0 (T). ( 3 ) 

The intake is in grams of the chemical considered. 

With the exception of radionuclides, an inhaled chemical must deposit onto the walls of 
the lbng to yield damage. The quantity of a chemical deposited in the lung over a. time period 
[0,T] is the lung uptake, U(:T). Typically, the relationship between intake and uptake will vary 
dramatically between the phases of a chemical due to differences in deposition and absorption 
processes. The uptake to> the lung equals the product of the intake and the fraction T of the 
chemical deposited onto the surface of the lung. The total uptake to> the lung then is 

U(T) = / x l{T). ( 4 ) 

fC 

o 

N 

CO 

c/i 

in; 
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For the vapor phase, the value of T depends on the specific chemical and often is 
unknown (although it may be infered from solubility coefficients if these are dbvelbped in future 
studies). For the particulhte phase, the dominant environmental! actor affecting t is the 
aerodynamic diameter, d. of the particle. In general, fj will also he a Junction ol the age of the 
individual, the state of activity.,, he:, whether resting or working: the hygroscopicity oji the 
particles, i.e., their ability to grow by gaining water in the lung, and the slate ofi health of the 
individual. The uptake U is in grams of the chemical considered! 

Lung uptake must be refined further in order to account for the structure (anatomy) of 
the lung. As described elsewhere (Weibel, 1963), the lung may be dbpicted as a- series of 
bifurcating passageways that branchinto smaller passageways as one moves from the proximal 
(near the mouth) to the distal (deep lung) locations in the king. A simplified! version of this 
branching scheme has been adopted by the International Commission on Radiological! Protection 
(ICRP) in its report on king modeling (ICRP, 1966). The ICRP model divides the lung into 
three distinct 1 subsections or regions, each with a specific value of f. These regions are the 
naseopharyngeal (NP)'region, consisting of the nose and pharynx; the tracheobronchial (TB) 
region, which extends from the trachea dbwnto the terminal bronchioles; and the pulmonary (P)i 
region of the lung, where gas exchange occurs between the alveolar sacs and the blbodstream. A 
schematic of the lung is shown in Figure C-L 

The value of f differs between the three regions of the lung due to differences in airflow 
and the size of passageways. To reflect this situation, let f KP , : f^andif,, be the deposition 
fractions in the NP, TB, and P regions,, respectively ^ Their values will depend upon; the phase of 
the inhaled chemical. The uptake ini each of the three regions over [0,T]! is obtained 1 from 
Equatiom^ 

U P (T): = f p * 1(T) (5) 
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FIGURE C-l. THE GENERAL ANATOMY OF THE LUNG FROM THE TRACHEA 
DOWN! TO THE DISTAL BRONCHIOLES 
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U TR (7~) = fru x /(T) 

(0): 

u s ' r W = f KP x /(T). 

m 


Each term may be subscripted further to indicate the chemical and its phase. The total lung 
uptake equals the sum of Equations 5 through 7, although this sum should not be construed as 
an appropriate measure of risk to specific cells of the lung. 

After deposition in the lung tissue, a chemical-must interact with the cells in order to 
produce an effect. In general, the probability of this interaction increases as the residence time 
of the chemical in the tissue increases. Because of this factor, it' is necessary to specify' a 
retention function R(t), describing the fraction of a chemical remaining in that tissue at a time, 
t, after uptake. For the pulmonary region, R(t) results from the translbcation. of the chemical 
across the alveolar membrane and into the bloodstream (with some contribution by engulfment 
into macrophages). For the TB and MP regions, R(t) is controlled by the movement of the 
mucociliary blanket towards the esophagus and, ultimately, into the gastrointestinal (GI) tract. 

For the TB region, the retention can be influenced by the particular pattern of deposition 
within the separate generations of that region. A further complication arises dlie to the 
possibility of enhanced deposition at the bifurcations of airways (Martonen and Hoffmann, 
1986), where movement of the mucociliary blanket will be slower. We will assume that a 
chemical deposited in the TB region may be characterized by a single retention function, 
however, since more refined characterizations are not feasible at present. 

The amount of a chemical present in a region of the lung at time, t, is the organ burden, 
B(t). For the case of an acute, i.e., instantaneous, uptake denoted by U[„ the burden is 

B(t) = U 0 x RQl (8) 
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where the unit of B(t) is grams. The quantities: B; U, and R may be subscripted by chemical 
and phase, and may be divided into'the three separate regions of the Ihng. 

For protracted exposures over a time im tval of Ibngth T > 0, the calculation ol B(T) 
requires a convolution integral (Checkoway el «,!., 1989)t The burden of a chemical in the lung 
regions is, described by 

B‘\T) = J* 0\t)R r (T- t)dt, (9J 

g:™(J );=| 7 U r '\t)R Tn (T-t)dt „ ('W) 

and 

B sr (T) = j* 0 NP (t)R Np (T-t)dt. (11 )' 

In these equations U is: the rate of uptake into the separate lung regions,. When concentration 
C is constant over time, simplifications follow as demonstrated earlier. The unit of burden im 
the lung region of interest is grams. Further subscripting to account' for chemical and phase 
continues to he omitted. 

The rate at which damage is produced in a tissue at time t is assumed to be proportional 
to the ddse^rate, D(t), in the tissue (Checkoway et al., 1989), and the dose-rate is assumed to be 
proportional to the burden, B(t)i Under these assumptions, 

£>(/): = K x B(t), ( 12 ) 

where K is a proportionality constant that depends upon the particular chemical and tissue. In: 
essentially all cases, with the exception of radionuclides, it is not possible to specify a value of K 
for chemicals because the important molecular damage is neither specified nor measured. 
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Unfortunately, not: knowing the value of K for different chemicals precludes combining burdens 
from across chemicals to yield a single estimate of the desecrate from ETS. 

The■ total dose to an organi (or lung -cgion) is the integral of the d> .-serrate over the time 
interval of interest 


D{T) = j' 


Substituting Equations 9, 10 V or 11 into Equation 12, and substituting this into Equation 13* 
vields 


D(T) = K X - T)drdt, (14) 

which for cases of constant concentration in air reduces, to 


D(7‘) = K x C x V x 




Again, all terms may be subscripted by chemical, phase, and lung regiom The units of dose are 
gram-days in the lung region of interest. When K is unknown (as is true for ETS), it is ignored 
and the dose is replaced by the integral of the organ burden, IB 

Retention functions can take on a variety of forms that depend upon the physical 
processes involved in removal! from an organ. These functions, however, usually are 
approximated 1 by an exponential function or a sum of such functions 

R(t) = c-\ O 6 ) 


where X is the removal rate constant (unit of time 1 ) from the organ or region ofi interest. 
Substitution of this retention function into either of Equations 9 through 11 for constant 
concentration! C gives 
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/XT) = C x V x/f 7 e-^dt = C x x 07) 

Jo A 

ignoring the subscripts for lung region. The dose may be obtained by substituting Equation 17 
into Equation 12; and then inserting Equation 12 into Equation 13: 

r T)1 _ T K X c X Kx/X (II - e^)dt _ Kx-CxVx fx (T - Q - <U Av )/X) ( 1K) 

Jo x X 

As: before, the integral organ burden over T is obtained by ignoring K in Equation 18. 

An additional complication arises in> distinguishing between! an organ burden (on dose)iand ! 
a biolbgically active organ burden. For some chemicals, e.g., nicotine, biotransformation may 
occur in the body, (see, e.g., Jacob et al M 1988; Hoffmann and Hecht, 1989; Hoffmann' et al., 

1987; Hoffmann and Wynder, 1986). The chemical form of a substance may be altered, 
producing a new molecule (such as cotinine) of either greater or Ibsser potential for harm. In 
that case, the burden (or dose) of interest would be the one from the active form of the 
chemical! This form may or may not be the form present in the environment. The biologically 
active burden B n , will be equal to the burden of inhaled material! B, times a scaling factor, k A , 
for activation'of that material! When the rate constant for activation is small compared to; the 
rate constant for elimination of the active form,, it maybe necessary to perform specific 
calculations of B u . In general, k A will be the fraction of the inhaled chemical biotransformed 
into the active form. Similarly, will equal the biologically active dose and is obtained by 
multiplying E) by. k A (or by calculating D B directly); For most chemicalk (particularly those in 
ETS), k A is: unknown and B H or must be approximated by B or D as described earlier. An 
exception is the conversion of nicotine to cotinine. 
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C.2:2. Translocation to Systemic Organs 

As shown in Figure C-2, the lung is coupled to the other organs of the body through the 
bloodstream and the GI tract. Material! deposited in the P region of the lung tends to be 
translocated into the bloodstream; where it is carried to the systemic organs or excreted, 
primarily in the urine. This process may be viewed as essentially catenary' (Crawford-Brown, 
1984), in which a chemical moves from the lung, into the blood; into an organ, and then into the 
urine. Flow is assumed to be unidirectional, avoiding the complications introduced by 
recirculation and exchange between organs. 

Material deposited in the NP region is removed primarily to the G.I. tract, with little 
absorption of ETS chemicals directly into the bloodstream (Wald et al., 1981)i For deposition in 
the TB region, there is evidfence of high absorption of nicotine into the blood, at least in dogs 
(Herrmann et al., 1989), From the G.I. tract, the chemicals are absorbed to a limited degree 
into the bloodstream, where they are expected to behave in a manner similar to the material 
entering the blood from the P region. Slight differences can occur due to the proximity of the 
liver to the G.I. tract, but there is not sufficient information available to consider that further. 
Chemicals unabsorbed by the GI tract will be excreted in the feces. 

Let f Pb equal the fraction of a chemical leaving the P region and entering the blood. This 
fraction is determined with respect to the uptake and not the intake. Similarly, let and f^ 
be the fraction leaving the TB and NP regions, respectively, and entering the blood. The latter 
fraction'will be quite small'and is ignored here. The fractions f mG i and f NTG „ represent the 
fraction of regional uptake entering the G.I. tract. The latter fraction is assumed to equal unity 
here. The term f^ I<h equals the fraction of a chemical in the G.I. tract which crosses into: the 
bloodstream. The total uptake of a chemical entering the blbodstream is 

U» = u% b , U T % Bb « (U TB (l-f rSb ) . U n % p , g ,)U (19) 
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FIGURE C-2. A COMPARTMENTAL MODEL OF THE HUMAN BODY, DISPLAYING 
ORGANS, TISSUES, FLUIDS, AND THEIR INTERCONNECTIONS 
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The expressions for UP, U 13 and U NP may be found in Equations 5 through 7. 

Material in the blood is cleared into the systemic organs. The fraction of material moving 
from the blood into a specific organ, indexed by j; will.be denoted by f bj . Its value is assumed ho 
be independent of the route into the blood, although this assumption is untested at present. 

The uptake into organ j is described by 

U Jt = U' b x f (20) 

where U b is givern by Equation 19: 

The retention function for a substance in organ, jj is givern by Rj(t). The dose to an organ 
following an acute uptake to the organ then is 

D J = K x U> x f T R.{t)dt, (21) 

Jo J 

This dose may be converted to a biologically active dose by multiplying Equation 21 by k A 
(unknown at present). Since K also is unknown, D must be replaced by the integral organ 
burdern 

For protracted exposure to a chemical at a constant concentration,, C in air, uptake to 
organ j in the time interval [0,T]' is 

D>(T) - K « C « V X tf/„ . fj m « U mc / m y„ * 0V ■ (22) 

Implicit in the equation is the assumption that material clears rapidly from the lung and 
into organ j, at least with respect to the interval of exposure. If it is assumed'that the NP region 
does not contribute significantly to systemic doses, due to low values of f Gl> Equation 22 reduces 

to: 

n 

o 

D J (T) = K X c X V X \fj, pb + f TB f mb ) X f bj X fi r f o 'R . (l f - r)drdt. (23) gO 

On 

01 

K 
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If it is assumed further that Rj(t) is a single exponential function with rate constant, A, then; 

D j m = K * C x V x [f/ pb + f J 1Bh } x f b . X (T -(l-e-»)/A)/A. (24) 

Unfortunately,,organ specific values for are not known for the chemicals in UTS. 

There are, however, limited data concerning the distribution of nicotine, a component of ETS, 
within^ various tissues. The steady-state distributions: of nicotine in those organs will be 
approximately proportional to the dose-rate and, hence, the dose. The measurements, taken 
from a report by the U.S. Surgeon:General (U.S. DHHS, 1988) are displayed in Table C-l. It 
will be noted that nicotine accumulates primarily in the kidney, follbwed by the liver, heart, 
brain, : muscle and adipose tissue. If the dose to the blood is calculated for nicotine, therefore, 
the dose to other organs or tissues may be obtained by multiplying by the ratios in Table C-l. It 
is unlikely, however, that the same ratios will apply, to other chemicals in. ETS. 

C2.3. Summan' 

A measure of exposure to a given chemical in ETS could take several forms: 

1) Exposure intensity, C, in units of g/m 3 . 

2) i Cumulative Exposure, & in units of g-days/m 3 (see Equations 1 and 2). 

3) Lung Intake, I, in units of grams of chemical (see Equation 3). 

4) Total Lung Uptake, U, or Uptake to the P region, U !? , TB region, U 1B , or NP 
region, U N|, „ im units of grams of chemical! (see Equations 4-7),. 

5) Total Lung Burden,, B, or Burden: in the P region, B 1 ’, TB region, B 1B , or NP 
region, B NP , in units of grams of chemical (see Equations 8-11). 

6) : Integral Organ Burden, IB, in units of gram-days of chemical. 

7) Total Lung Dose, D, or Dose to the P region^ D p , TB region, D TB , or NP region, 

D nh , in units of gram^days of chemical. : :. 
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TABLE Ql. STEADY-STATE RATIO OF CONCENTRATIONS OF 
NICOTINE IN BODY TISSUES OR ORGANS 



‘Relative to blood. 

Source: U.S. Surgeon General (1986). 
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obtained from Intake or Uptake (above) or: 

8); Blbod Uptake, U b , in units of grams of chemical 1 (see Equation, lb);. 

9 V Organ. Uptake, UE ini units of grams (see Equation 20.Y 

]{'■] Integral Organ Burden, IB 1 ,,im units of gram-daysof‘.chemical (see Equations 21-2*1 
divided by K)l 

11) Organ, Dose, D\ in unit' of gram-days.of the chemical in the organ (see Equations 
21-24). This generally will not be possible to calculate. 

12) Biologically Active Organ Dose, D^ im units.of gram-days of the biologically active 
form. This generally will not be possible to calculate. 

The measure of exposure to a chemical depends upom the level 1 of available information. Im 
cases where parameter values are unknown, it will not be possible tocalculate values that 
depend 1 upon those parameters. In such'cases, the measure further "upstream? in the chain of 
calculations must he used. For example, the retention functions for many of the chemicals in 
ETS are not available at present. For these chemicals, uptake is the most highly developed 
measure of dose possible. For vapor phase chemicals^ the deposition fractions or equilibrium 
concentration ratios (tissue:air) have not' been'measured to date,, leaving intake as the best 
available measure of exposure. 

C.3. ASSUMED EXPOSURE CONDITIONS AND INTAKES 

Exposure to ETS may vary widely due to differences in cigarette type,, rate of smoking, 
ventilation conditions, room volume, etc. No attempt is made here to develop calculations 
undbr the immense range of conditions likely to be found in society. Instead, calculations are 
presented for a, simplified case that is typicall of exposure conditions. The exposure duration; T, : 
for both active and passive smokers is taken to be one day, with exposure to ETS at a constant 
concentration. C (see the equations in Section! 2 of this report). Of interest is the dose 
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delivered to tissues as a; result of this single day of exposure- Predictions at any other 
concentration,, C*, and any other exposure length, T*, may be obtained by multiplying the 
reponcd value by: 

ci*ll 

C T 

For this example it is assumed that an active smoker smokes one pack (20'cigarettes)' in a 
structure of volume 160 nr over a one day periodi'with a passive smoker present. The NRC 
(1986) reports an average of 26 mg of respirable suspended particulate (RSP); matter per 
cigarette in the sidestream smoke (SS), giving an emission rate of 22 mg/hour. With an air 
exchange rate of 1 per hour,, an approximate U.S.. average, in a room* volume of 150 m 3 , the 
concentration of RSP in the air will be approximately 200 ^g/m 3 (see Figures 5*4 and 1 5-6'in 
NRC,, 1986). Assuming a tidal volume of 75GmL and a breathing frequency of 15 per minute 
(Crawford-Brown, 1987), the total daily intake of RSP for the passive smoker will be 
approximately 3 mg. 

Rickert et al. (1984) measured the RSP in mainstream smoke (MS) and found a range of 
0.7 to 17 mg'per cigarette, for cigarettes primarily low in tar. By contrast^ the NRC (1986) 
report 15 to 40 mg for non-filter cigarettes. A moderate value of 12 mg will be assumed here. 

The daily intake of RSP for an active smoker of 20: cig:/day will be 240 mg. The values of 240 
mg ini the active smoker and 3 mg in the passive smoker correspond to values assumed by Wells 
(1988). 

The distributions of chemicals by mass in the MS from one nonfilter cigarette are 
displayed in Table C-2 by vapor and particulate phase (NRC, 1986). In this tablb, a 
representative value from the NRC report (1986) is reported. Also shown in the table are the 
ratios of the amount of each chemical leaving the cigarette in diluted SS and in MS. The total Q 
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TABLE C-2. APPROXIMATE COMPOSITION OF MAINSTREAM (MS) AND 
DILUTED SIDESTREAM SMOKE (SS) FROM ONE NON-FILTER CIGARETTE* 


i 

1 Constituent 

Average MS 

Average SS/MS 

Vapor Phase in MS 



Carbon monoxidfe 

15 mg 

3. 

Carbon dioxide: 

30 mg 

10: 

Carbonyl sulfide 

30 /jg 

Oil 

Benzene 

30 /jg 

8 

1 Toluene 

150 pg 

7 

Formaldehyde 

85 /jg 

20 

Acrolein 

80 /jg 

12 

Acetone 

175 Mg 

3 

Pyridine 

30 pg 

13 

3-MethyIpyridine 

25 „g 

13 

3-Vinylpyridine 

20 /jg 

10 j 

Hydrogen cyanide 

450 /jg 

30' !l 

Hydrazine 

30 Mg. 

3 j 

Ammonia 

90 Mg, 

110 

Methylamine 

20 Mg 

5 

Dimethylamine 

9 pg 

4 7 

Nitrogen oxides 

400 /jg 

1 

N-nitrosodimethylamine 

30'ng 

60 

Nmitrosodiethylhmine 

20 ng 

30 

N-nitnosopyrroiidine 

20 ng 

18 

Formic acid 

350 /jg 

1.5 

Acetic acid 

500 /jg 

3 

Met'hyll chloride 

350 /jg 

2.5 

Particulate Phase in MS 



RSP 

24 mg 

1.5- j 

Nicotine 

14 mg 

3 

Anatabine 

10/jg 

0.3 

Phenol 

100'/jg 

2.5 

Catechol 

200i/jg 

0.7 

Hydroquinone: 

200' /jg 

0.8 

Aniline 

360: ng 

30 

' 2-Toluidine 

160 ng 

19 

2-Naphtihylamine 

2 ng 

30' 

4-Aminobiphenyl 

5 ng 

31 

Benz(ai);anthracene 

50 ng 

3' 


(cwntiinued on Hollowing page): 
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TABLE C-2. (continued) 


Constituent 

Average MS 

Average SS/MS 

Benzo(a)pyrene 

30 ng 

3 

Cholesterol 

20 Mg 

0.9 

A-Butyrolkctone 

15 Mg 

4 

Quinoline 

1 Pg. 

10 

1 Harman 

2 Pg 

1 

N-nitrosonornicotine 

1500 1 ng 

2 

NNK 

500 ng 

3 

N L nitrosodiethanolamine 

50 ng 

1 

Cadmium 

100 ng 

7 

Nickel 

50 ng 

20 

Zinc 

60 ng 

7 

: Polbnium-210 

o.i pC, 

3 

Benzoic acid 

20 Mg 

0.8 

j Lactic acid 

100 Mg 

0.6 

Glycolic acid 

100 Mg 

0;8 

Succinic acid 

120 Mg 

0,5' 


‘Adapted from Table 2-2 of NRC (1986). 


RSP inhaled in one day by the passive smoker in our example is proportional to its 
concentration in air of 200 Mg/m 3 . As noted above, using that value and Table C-2, the 
concentration of other chemicals inhaled from SS can be obtained from the relation 


C 

t 


200. x 




D 

^RSP 


(25): 


where C, is the concentration of chemical i in the room air (Mg/m 3 ), M. is the average mass of 
chemical i in MS and M RSI , is the mass of RSP in MS (both taken from Table C-2), R, is the 
ratio SS/MS for chemical i from Table C-2 and R rsp is the ratio SS/MS for RSP. Computed 
values of C, and the intakes for the passive smoker and the active smoker are shown im Table 
C-3 for known carcinogens in tobaccc smoke. 
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The calculations in Table C-3 presume fresh diluted SS, which ages over time. This aging 
may change the physicochemical properties of the ETS due to plating,, ventilation, metabolism, 
etc. (NRQ 1986/ Little is known; however, about the effect of aging. For reference, the 
average concentration of several airborne components of ETS measured under diverse 
environmental!conditions are shown in Table C-4 (adapted from Repace, 1987):. 

Since the results in Table C-4 : were obtained under such a wide range of conditions, 
absolute concentrations of chemicals in aged 1 air are difficult to specify for the environmental 
conditions assumed in this report. Still, a limited comparison of relative values can be made by, 
focusing on nicotine, benzene, N-nitrosodimethylhmine and N-nitrosodiethylamine, since these 
measuresurements were made under roughly similar conditions in a room'with a large number 
of smokers (Badre et al, 1978; Brunnemann et ak, 1978; Stehlik et al., 1982/ From these 
measurements, the relative concentrations of nicotine: benzene: N-nitrosodimetHyiamine: 
N-nitrosodimethylamine are 1:0.2:0:0002:0.0001'. These values may be compared against the 
predictions using fresh: diluted SS in Table C-3, which suggest values of 1:0.06:0:00004:0.0001. 
The relative concentrations of these four chemicals, therefore, do not appear to have been 
significantly affected by aging, with the possible exception of benzene. The reason for the 
increase in benzene after aging is unknown. The benzene estimate is based on a single small 
sample, which may be a factor. Subsequent calculations will use the concentrations and! intake 
values in Table C-3 based on fresh diluted SS. There is need for more research on the effects 
of aging for ETS. 
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TABLE C-3. SUMMARY OF CONCENTRATIONS AND DAILY INTAKES.FOR 
CONSTITUENTS OF CIGARETTE SMOKE, ASSUMING FRESH SS 



Benzene 

i Hydrazine 

Ntnitrosodimethylamine 
NLnitrosodiethylamine 
N-nitrosopyrrolidine 

RSP a 
Nicotine 11 
2-Naphthylamine a 
4-Aminobiphenyl a 
Benz(a)anthracene a 
Benzo(a)pyrene a 
X-Butyrolactone a 
N-nitrosonornicotine a 
N-nitrosodiethanolamine a 
Nickel 3 

Polonium-210 a 


1.3 Mg/m 3 

21 Mg 

300 pg 

0i5 ng/m 3 

8 ng 

300 ng 

30:0'ng/m 3 

160: ng 

300 ng 1 

3.0 ng/m 3 

48 ng 

200: ng 

2.0 ng/m 3 

32 ng 

200 ng 

200.0 Mg/m 3 

3 mg 

240 1 mg 

23.0 Mg/m 3 

370 Mg. 

14 mg 

0.3 ng/m 3 

5 ng 

20 ng 

0.9 ng/m 3 

14 ng 

50 ng 

0i8 ng/m 3 

13 ng 

500 1 ng 

0.5 ng/m 3 

8 ng 

300ing 

0.3 Mg/m 3 

5 ng 

150: Mg 

17.0 ng/m 3 

270 ng 

H5 Mg 

0.3 ng/m 3 

5 ng 

500 ng 

6.0 ng/fn 3 

96 ng 

500 ng 

2.0 nC,/m 3 

32 nC| 

1 pQ 


Only constituents listed as human carcinogens, suspected human, carcinogens or animal 
carcinogens (NRC, 1986) are listed, with the exception of nicotine (a precursor to 
carcinogens). 


** For passive exposures only, 
t Intake for passive exposure. 

Intake for active exposure. 

a Chemicals Ibcated in the particulate phase for both, active and passive smokers. 

b Nicotine is assumed to be entirely in the particulate phase for active smokers and entirely in 
the vapor phase for passive smokers. 
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TABLE C-4. MEASUREMENTS OF ETS CONSTITUENTS 
IN ENVIRONMENTAL SETTINGS* 


1 

Constituent 

Setting 

Average 

concentration 

Reference 

Acrolein 

Varied 

Oil mg/nv 

Badre et ah. 1978 : 


Varied 

8.0: ppb 

Fischer et ah, 1978, and 

Weber et ah, 1979' 

Benzene 

Varied 

0.1 mg/m 3 

Badre et ah, 1978 

Toluene 

Varied 

1,0 mg/m 3 

Badre et ah, 1978 

Benzo(a)pyrene 

Arena 

10.0' ng/m 3 

Elliot and Rowe, 1975 ' 


Restaurant 

6.0 ng/m 3 

Galuskinova, 1964 


Coffeehouses 

5.0 ng/m 3 

Just et al., 1972 


Restaurant 

10.0 ng/m' 

Husgafvel-Pursiainen 
et al M; 1986 


Public places 

100.0 ng/m 3 

Perry, 1972 

Carbon monoxide 

Varied 

20.0 ppm 

Badre et al., : 1978 


Varied 

8.0 ppm 

Chappell and Parker, 1977 


Rooms varied 

5.0 ppm 

Coburn et ah, 1965 


Taverns 

12.0 ppm 

Cuddleback et al.,, 1976 


Planes 

3.0 ppm 

USDOT, 197H 

1 

Arenas 

15.0 ppm 

Elliott and Rowe, 1975 


Restaurant 

3.0 ppm 

Weber et ah., 1979 


Restaurant 

5.0 ppm 

Fischer et; ah, 1978 


Varied 

10.0 ppm' 

Godin et all, 1972 


(continued on following page) 


C-2? 


05/17/90 


Source: https://www.industrydocuments.ucsf.edu/docs/ffblOOOO 


2023552439 







